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Introduction 


In applying physical modalities to the treatment 
and diagnos of patients, our primary interest is 
often focused on the local effects of the therapeutx 
While local 
cfiets may be the ones desired, one us only too 
well that there are factors mvolved 
more general nature which can serously affect and 
consderably alter the boca! result 

There 1s hardly a system that has greater umpor 
tance as a general regulator system im the applica 
tron of physical procedures than the circulatory 
system. While in an exercase program the primary 
goal the improvement of muscle function, 
often the circulation that limits our program 
Again, in the application of heat, a ts the status 
of the circulatory oystem whah determines, to a 
considerable extent, the type, extent, and efhciency 
Also 
dures have in many imstances proven beneficial im 
the treatment of diseases of the circulatory system 
and im the rehabilitation of the patient suffering 
from a pathologiwal condition of heart and blood 
vessels. The knowledge of the function of the 


or diagnostx procedures used these 


aware ofa 


of our clinwal procedure 


phy sxal proce 
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Harry 0. Bouman, M.D. 


Sym Coordmator 


circulation becomes, therefore, umportant to the 
intelligent clinscal appln ation of many physical 
medical procedures 

This symposium is primarily a physologwal one 
It os often sand that what is phy stology today, may 
become clinical medicine The no 
where more true than in physical medicine. The 
growth of physical medicine as an intelligent med 
cal specialty may well depend on how solidly mts 
clinical reasoning « based on phywological tact 
The careful reader will casily notee that the phys 
ologwal papers presented in this symposmum are 
based on a large volume of research done im many 
laboratories. It will also be apparent that many of 
the physiological facts presented are of immediate 
clinical umportance 

In other cases, however, there is sull a gap be 
tween physiology and clinical application. To fill 
that needed 
The challenge should be apparent to all of us. Every 
one of us in the held is in a strategie pagition and 
can and should contribute to the development of 


the field. If a symposium like this would be the 


tomorrow 


gap more and more research will be 


{ 
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Tue Peeves 


“umuius to more and acw research would have 


preven to be a very real controwtron to the deve 
opment of phyucal medkine. The simulating, rc 
search minded asked by the 


during these sesssons were one of the highlights of 


questions aucheme 
the sy Where was unposible to mk bude 
them im the published report, they were an indica 
neon to all of us that the research on 
ply se al medwme looks baught mdecd 


future of 


This symposium has been the result of the labor 
and (cooperation of many ft has given the oppor 
tunity to rewrew a field that unportant to phy 
medsine, to exchange wleas and data, to ask ques 
stimuli for ftuture 


hom, and to 


research. All of 


many 


us © » attended, as speakers, as 
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The General Physiology of Heart and 


R. S. Alexander, A.B. M.A., Ph.D. 


The physology of the heart and circulation 
be dim useed 
Thee re 
consideration 
i 


represents a vast subject which 


adequately om the bref tume at our disposal 


fore we must confine Gurecives to the 


ot tew of the principles mwoly 


wha h 


realimng that the ux ceding speakers will ce 


more adequately thov« aspects of the held 


are of more direct practical umportance to the phy» 


wal therapest. At the outset I trust we may assure 


that you already have a general knowledge of 


iwculatery system, vague though that knowle: 


may have become m the years same you studied! 


fos 


rotession For 


champic, if Necessary for me to remind you 
that the corculatoon of the 


touxd stuffs 


provides tor 


plying the necessary amd oxygen and 


waste prod and arbon 


all of whah are essential | the living 


Thre 


withen the cells of the 


latron also plays a portant role 


rature teg 


nen 


stron of y 


are also tarmlar the fact 


that the 
osed circuit 


Harvey mam 


Mor 


OMMprisen 


appreciated by Willian 


mahan circulatory system a 


accurately, a double rust 
the greater, or system which supplies the 


tesswes Of the boxly the lesser, or pulmonary 


t, perfusing lood through the 


Throughout the di swon that follows. however 


we are t 


and treat the systern as though the 


ignore the pulmonary circulation 


bieod returning 


to the heart by way of the systemn was 


Thus 


plification ts often made by physologists partly 


cits 


directly mio the sveteme arteries 


thx pu imc ulftren to 


extraordmarily cor emt to take care of svell 


that most practka necal problems of the 


wculation are centered on the system circulatron 


Also. ot must be confessed that the pulmonary if 


has prowed clusrve to experimental 


analyus that we too little about st 


Treating the systema 


then. our d 


Starting 


im thes m for ‘ von. The heart m often 


regarded as the logwal starting point, since # is 


assumed that the heart « directly responsible for 
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pumping the blood through the system, while the 
arternal blood wewsels merely represent the nec ewary 
pluminng connections to the pump Such a concept 
however. sersously destorts the true functranal rela 
tionships in the circulatory system. Actually, the 
bleed supply of our bodies « handled more n« arly 
m the fashron of many weter-supply systems 
here om Cleweland we ocver have 
worrtes about any real water shortage, since Lake 
Eric is besede os and has newer shown any threats 
of drying up, im spite of the heat of the summer 
Pumps are used to pump this water from the lake 

do not directly with the 
pepes my home of hore! 
room. Rather, the pumps transfer this water into 
supply The umportant feature of thes 
supply reservoirs ts that they are located at high 
points in the city, and therefore the Lake Ere 
water, which was formerly at a low pressure level 
has been pumped up to a higher lewe! where « 
has a proportionately higher pressure It «s to these 


For example 


but the pumps connect 


ito mo your 


reserTvors 


supply reservomrs that the pipes to our homes are 
connected, and hence the force directly responsible 
for providing us with water « the gravitational or 
hydrostatx” pressure im the supply 

rously 
system 1s basically dependent upon the proper oper 


reservor 


the functron of such a water supply 


ation of the pumps which rane the water to th 
supply reservorr 
“ne the 
Nevertheless 


and thus the pumps are, m onc 
important unit im the 
when the hot weather arrives and 
the consampthon of water m the city taxes the 
system to its capacity, #@ is mot the 
amount of water mm Lake Ene, nor even the opera 
tron of the 
tator 


mest syvon 


Mastmum 


pumms, which concerns us. The major 


worry about um the water lewel m the 
supply reservour which represents the hydrost at x 
pressure av ailable for water to our 


how cs We 


reservar Ccomtaims adequate water, Our water supy ly 


lying 


know that, as long as the supply 


«= assored. but when the lewel im these reservoirs 


starts falling to low levels, we are m imminent 
danger of a serous water shortage 

Transferring this analogy to the circulatory sys 
hind 


though a 


tem om our bodes, we lowe parallelisen m 


ways, even most analogies 
there are some unportant differences. The job of 


the heart is not to pumy t 


oom! directly to the tr 
sues, but rather to keep the supply reservorr well 
hilled The 


supply reservoir im the body omposed of the 


with blood under adequate pressure 


entral aorta and the major arteries. In contrast 


to the water evetem, where pressure ts mas tained 
by gravity, in the body the pressure in the supply 
reservorr 1% the clasticsty of these 


Blood pumped into this central 


maintamned by 


major arteries 


Tee Prevecat Rewew 


artertal evstern stretches the walls of thee 
vessels and dewelom a corre pandung OF 
« the driwme force responsible 


ulateng the 


pressure 


for cw te the Cresucs 


the otasurement of arterta! 
pressure patents, a+ dane routmely 


Viewed m thes 


of thx 


asucemen 
¢ to supply the of the 
with blood Inmceed, | the 
of thes clastx 


practoe, becomes a direct 


rewervou fumtean of the 
hinking of 
venetian | 
hardemng of 
thes reserworr fam 
det the artetecs 
more like pipes. As you well 
thes alteration of the syetem 
lead to 4 serous empanrment of the proper cincula 


¢ 


major afters and warn you agama 


In thes 
alled 


these afters a6 Gere pipes 


should out tut 


the arteries or afterrom heros 


thon of the afters and 
mtually do 


know, the results of 


non of blood 


We wx that, as the heart mantaine 
adequate pressure in the central reservou arteries 


blood 


theret ore 


available to supply the wascular beds of 
the vanous The 
blood’ flow will be determened m part 
by the flow to 
any specific organ of tissue will be determined by 


om the amount of 
therefore 
arterial pressure. In addition, the 
the sze of the openme im the 
that 


which physiologists refer to collectively as 


vesse! leading to 
factor 
periph 
mito the 
biophysical details of this concept of peripheral 


tesue, together with certam other 


eral resistance. It ennecessary to 


ence you are all famular with the com 
mon observation that, as one opens a water faucet, 
the flow of water progressively increases. Here, of 
course, the pressure in the supply reservoir does 
not change, but the openmg of the 
tact 
infinity down to lower and lower valucs 


Om 
flow from 
The lower 


decreasmng the resistance to water 


the resistance, the greater the flow of water. In 
the body, this type of regulation is accomplished 
by the small artersoles, which have muscular walls 
therefore constrict or dilate This com 
dilation alters the resistance. and 
ontrols the amount of blood flowing to 
cach organ 


and can 
of 
thereby 


stronably 

the most important factor governing this action is 


What, in turn, regulates the degree of 


tion of these muscular arterioles 


the degree of activity of the tissue they wuppy 
With cellular activity into the 


surrounding tissuc of 


there is 4 release 


various metabolites, such as 
acids produ cd by glucose 
and 


ot these metabolites has 


carbon dioxide 
metabolism 


potassium Every one 


organk phosphate ompounds 


a characteristic action of dilating the arterwles by 


relaxation of their smooth muale We therefore 


= 
= 
7 
. 


have a6 sutomatx type of chemaal regulatron 
wheh the blood! supply to will be com 
tantly regulated to keep pace its met 
needs Since, even af vest, cells mamtam certam 
basal lewe!l of menuna!l fow of blood 
alwars masntained The moment elbular actrrity 
um reases, thes local chermucal regulation will open 
up mrcased blood supply wil the metabol« 
weeds of the teesues are satisfied 

A moment's reflection will reveal that the 
tem. as we have described a so far, has one great 
lunitation Thess regulation of flow to mudrvidua! 
organs, by adjusting the lx al artertolar 
will function properly only there 
for an adequate pressure m the arterval 
supply at sli comes. Actually, the volume 
of bleed in the reservou lefinetely lumted 
moment, we eet wide dilaton of 
ant number of vascular beds, blood will be dramed 
from the arterial reservorr © rapedly that the pres 
sure will mevitably fall and thus reduce the blood 
flow. This ts prevented normally by having an 
over all pressure regulator system under nervous 
ontrol There appear to be seweral of these pres 
wre reguiators m different parts of the bexty, Dut 
the most mmportant are 4 pair Of regulators tx ated 
wm the carotul af the bifurcation of the 
common carotid afteries into the imternal and ex 
ternal carotids These actually afe sense organs 
are very to hanges m pressure 
within the artery. Sensory nerves run from the 
sroted to brain eters. which m 
relay out over thre nervous system 
where sumulatron of the oerve fibers results m 
anstratrion of the mus ular walls of the arterioles 
As pressure fa the srotrd thes nerve 
reflex 
snd thereby tends to retain an adequate volume 


ats to Comstrit wrterwoles all ower the had 


ana press re of hiood nm the arterial supply rewet 
to peowide for vital organs. Sumslarly, a 


blood pressure ter ds to inhibit this reflex con 
to permet dilation of wessels and 
dream of the 45 to avoid cxcessive pres 
cores on the arterial reservoir. In addition to this 
atron on the arteries, this teguistory sytem also 
acts oo the heart, by way of the sympathets an! 
vagus nerves, tf speed ws rate of beating when 
pressure falls, and to slow i down a5 pressure 
rises. The actual Mood flow to a speci organ 
therefore determuned by the miteraction betweer 
this over-all mervous regulation of the circulatory 
and the local chem al regulation of th 
wpply to the specific tissue 

It should be noted that there are also regulators 
of the carculation which are governed by the chem 


Vol. Ne 


kal compoution of the arte al blood, specifically 
upon the tension of oxygen and carbon diwxnde 
and upon the acidity of the biead Tume docs not 
permuat detailed consideration cacept to Mate 
that they operate through the nervous sytem 
either by reflex stumulation oc by direct 
tion of the beain centers, im a Manner quite anal 
ogous with the pressure tegulstors we have pest 
ducussed. Other nerve can the 
citealation. sotably stimuli from active muscles 
which send unpulses to the bram centers and 
thereby contribute to the motinmation of the cor 
culatron required for 

In addition, higher Dram centers can produc 
profound effects upon the cin sation. A common 
example of thes ts the action of emotional excite 
ment in raining blood pressure and speeding the 
heart rate A smilar cerebral stimulus comes mto 
play with exercise These responses are obv ously 
for the purpose of meeting the sudden merease m 
requirements for hood flow which these situations 
ewoke On the other hand, nerve reactions can pro 
duce the opposite effect of a sudden fall in blood 
pressure due to general dilation of the blood ves 
hanim explains such things 


sels. This type of m™ 
as the faunting reaction to severe pam and will be 
discussed in more detail m a teow moments 

Our should take us fo a com 
sideration of the capillary bed, which m one sense 
is the only really ienportant segment of the circula 
tory system. It ts across the thin endothelial linung 
of the capillaries that the exchange of gases toot 
stuffs and waste prod «ts actually takes place 
thereby providing for the proper mamtenance of 
the living cells of the body. Obviously, the rest of 
the circulatory system serves only to assure that 
this exential- process of capullary exchange shal! 
always be maintained Time does not permit going 
into the details of this process of capillary fet 
hange We can only state in passing that the ex 
hange of materials across the aprllary endothelia! 
membrane is governed basically by the physico 


hemical process of liffusion, aided by the inter 
ation of pressure within the capillaries, ten ing 
ro squeeze fluid into the tresues, and the osmotn 
properties of the plasm 4 alhurmn whach acts 
retam flued within the apillaries The dynarmex 
balance between these forces, plus a number of 
special zed anatomical arrangements in different 
provides for bathing the 
the proper nutrent fluid 


types of teasucs, 


ells of the body with 

To recapitulate, we must visualize the blood 
being distributed to the body from the clastx 
arterial pressure reservorr the flow to discrete ts 
sues bemg controlled by the action of the local 
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muscular arterioles, hence mamftaming 4 perfuson 
of the capellary beds so as to make possible ade 
quate exchange of materials between the capsilary 
bleed and the @uid Behind all thu, of 
course, remains the pumping oction of the heart 
which provides the driving force to create the 
arterial pressure bead and thereby maintain the 
circulation. The control of the amount of blood 
this heart pumps will naturally be the ultimate 
determinant of the volume of blood perfused 
through the system. Here, however, we find an 
mmportant limutation on the heart which often 
overlooked In our carer analogy with the water 
supply system, we saw a pumping system drawing 
from the almost infinite supply of Lake Ene Such 
& situation does not hold m the body. The heart 
does not pump its blood from a vast reservoir, bot 
is stectly lumeted im its action by the volume of 
blood returned to it by the venous system. ht in 
obviously umposuble for the heart to pump mor 
blood into the arterial system than is returned to 
it by way of the venous system. At the same time 
a normal heart never pumps out any less blood 
than is returned by the venous system. It is truc 
that woder certain Circumstances the heart fails to 
pump out all the blood returned to it, resulting in 
a pile-up of venous blood. As a consequence, the 
ongested, leading to severe short 
ness of breath: the liwer becomes distended, and 
such regions at the ankles become swollen. This, by 
dehastion, represents congestive heart failure, and 
obviously represents a critical derangement of the 
circulation. So we must always remember that in 
the normally functioning heart there is pumped 
mto the arterial system no less blood, and no more 
bleed. than « returned by way of the venous sys 
tem. It becomes evident at once, therefore, that 
the control of the venous return of blood to the 
heart is one of the most important aspects of the 
crrculatron 


lungs becorsne 


Unfortunately, this is one aspect of the circula 
tron that we still do not understand too well. Per 
haps it would be more accurate to say that a good 
many of us working in the field of circulatory 
physiology have our own individual understand 
wngs of how the system works, but unfortunately 
our ideas do not agree on all points Considering 
the circulatory system as a closed system, the most 
obvious force pushing blood around through the 
venous system would be the pressure from the 
arterial sede as origunally generated by the heart 
The importance of this factor, however, 1s not as 
great as might be supposed. The resistance to blood 
flow through the «nal! arterioles and capillaries 
dissipates most of the arterial pressure, so that the 
residue remaining on the venous side is relatively 


Tee Teeeary Rewew 


ass 


wnall Purthermore, although Wilham Harvey was 
anatomacally correct on statong that we have a clawd 
crculatory the: ides when 
applied to the venous system The venous system 
not only represents pypes ecturmang blood fram the 
capilanes to the heart, but alo contains 
a of reserwous These function as blood 
depots, or aod should not be 
confused with the supply reservoer on the artersal 
side of the baxty 


whah we have dem useed carler 
Important among these reservous are such struc 
tures as the shan, the liver, and the gastrountestnal 
wetem. For its skin moods 


even though wp 


own metaboliam, the 


very luttle hand flow 


plied with Mood vewmels, Except in its function of 
temperature regulation, thi blood supply of the 
skin serves no important purpose. When needed 


this shin Circulation may be shut down 
and 
typ oat 


a ourmber of 


however 


its blood dumped into the venow. sytem 


heme returned to the heart. The sane 


mechanism appears to function in 
other organs wm the body whose blood supply at 
rest is mgnifantly greater than thew actual ota 
bolx noted that these 
storage feservoirs are not necewarily pert of the 
venous they 
are conveniently regarded as being part of the 
venous m the one hand 


into the 


requirements lt showkd tx 


system, the anatomeal yet 


system im thew abulety 


to dixharge ther blood volun venous 
return 80 as to augment the blood available for the 
heart to pump, or, on the other hand, to store up 
blood received from the arteria and thereby 
cut down on the volume of venous blood being re 
turned to the heart 


side 


Another factor of umportance m venous return 
There is no douwkt that 
respiration tends to aid im venous return to the 
heart, and, more specifically, that increased respura 
lust how this 
is accomplished is not entirely clear, It has usually 
Heen argued that the «acking of air into the hungs 
in inspiration is accomplished by expanding the 
chest and thus creating a negative pressure within 
the chest, and that this same negative sucking 
pressure must also act to suck blood back toward 
the heart by way of the venous system. Most of us 
have been a bit naive in accepting the explanation, 
© glibly Several investigators have recently argued 
that the thin-walled veins are collapsible structures 
and that you cannot suck blood through collapsible 
verms any more than you can suck Coca(ols 
through a collapsible straw. Certainly this new 
argument ts basically sound, and must be properly 
evaluated and tested before we can be sure how 
important this sucking mechanwm is, if indeed 
it functions at all. A lew debatable methanwn by 


to the heart respiration 


tion tends to augment venous return 


= 


Peeve at 


whah respiration feases venous return through 
the of the duphragm As the duphragm 
with meperation, « squeezes from 
the vixcera, espe: aliy the lower and m 
testines. and thereby ww reases venous return to the 
heart 

Whatever the whole ory may be as to the 
actual hans mwvolwed. the fact that morcased 
ees vere ret certambly 
an wmmpertant factor to ememibered especially 
that typrally when there 


when one hears on mind 


s need for merecased of as, for 
example, in cwercise, we do oteerve a marked m 
reast im resp at ror 

An additional factor of importame in aiding 
venous return, whah also of umportance mm exer 
me, the oc ateon of con 
trating musxtles. When musle thers contract, they 
bulge, and must thereby Compress the om that 
vie mity Thee must at to out of 


these wouns locally and, at beast om the case of 


have valves, Must at to blowd hack 
toward the heart This mechanim obviously would 
he of umportame thx although 
also appears to play 4 role in wach tructur as the 
ntestines. Also, tt applies only to vewns within 
the andl not t he superficial 


te by the quent failur 


ay otter cd 

ally t showld th emphastz d 
that thu mechanewn works only with active mus 
ar Of Tuning It has 


heen rather clearly demonstrated that mulking of 


wenous blo? mot accomplished by oe ady, mam 
tamed, tote of mux k as starniing 
eText on if agains 
thet Th ar thes tatter tact wil 
he brought out by Dr. Opdyke later this morning, 

Mow of what we hawe saad about the venous 
yywtem applies also to the lymphatic system. Indeed 
| warded as of the 
vom sith aS ts fund the 
che flued to the grea 

Now. consider the heart which obwrously 


s the pump constituting the basa driving force be 
the entere system From what has been sand 


already. we have a pretty good wea of the job 


whih the heart u ed upon to perform It must 
be capable of an extraordinary flexible actrvity to 


adjust rts pumping ation fo accommo 
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date the venous return from moment to moment 
amd perng thu 


mio the artersal supply 
reservor at whatever pressure happens to he m the 
supply reservorr. It not surpriung to find that 
the for thw cexqumte control of the 
pumping actron of the heart self <ontamed within 
the heart and therefore, entirely sato 
matc. Thee sutonomy of the heart regulating 
pumping action annat be overemphasized 
ally relation fs m lependene from tts 
nerve supply True, the nerves to the heart can 
nfluerce sts rate of pumping, and appear to have 
fmuner on the fore of contra 
The baex determenmg the fore 
of ceatracton of the heart, however, has nothune 
o do with ts mnervation 

This bask mechanmm controllmg heart achon 

extremely semple and the phwecal therapmet 
exceedingly commonplace You are all ftamuelar 
with the fact that ot 1s not posstble to obtain much 
work from a mux! that muscle contracts 


against a load Within the greater 


the load presented t «a : cle. the greater the 
force #t exerts with contraction Thes applies 
skeletal muwtle. applees mth and 
it apples to cardiac mus rimciple accounts 
for the pustified On resestive ewercise for 
le tev mf which wou imc now stressing 


ple letermmimine the actron of our hearts. Mor 


ally. we know that the degree of stretch 
place pon the filx at the moment they 
fart to contract. determm the force wheh the 
will exert weth contractwr Although this crx 
f the earlest recognized pemcaples m physiology 
the full unpeortar thes proncrple un determimnine 
heart was fret at coated by Starling. the 
great English physoloert of the first quarter of 
thes century, and hen t « frequently spoken of 
—_ es Law of the Heart 

The actual appl thes principle to the 
pumping action of the cart « very casy to visual 
ze, pro dled we torgrt we might have 
to the flecct that the auricles purng the 
blood the ventr s This anatomical miter 
ene has virtually no bess m fact; m man the 
surxles do oat pump anything any 
where Indeed. the mammalian aurnile of w 
functronal umportance that we will not ewen take 


tume to ots functran bere For the moment 
et us forget about the aurwles, and visualize the 
gteat veins emptying directly the ventricle of 
the heart. During the period between beats, when 
the heart w= relaxed (diastole). the heart will be 
filed with blood 


urning by way of the venous 


4 
4 
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wetem. The greater the rate of return of wonous 
Mood, the more the heart will be filled In other 
words, the greater the venous return, the more the 
heart fhers will be stretched durmg diawole Now 
a the momem the comtractron 
(systole), the force exerted during systole wi 

determined by the degree of wretch of the mm 

fhers produced by venous hiling Thus we sce that 


heart 


re 


the pumping action of the heart ts dorecthy 
lated bw the With « low 
turn, the pump exerts little force 


venous return 
wrth on 
return, the action of the 
thes stretch principle so as 


to keep the arterial 


vers pump auto 
matixally mereased by 
the wol 
ume of bload deliwered to a by way of the 


owwem 


Compensation to reased afterial pressure 
complished in much the ame way It now 
generally recognized that the heart does not empty 
beat. but there left 


mself completely at cact 


within the heart chamber a certann residual volun 
of blood. A major factor m determmung this 
ual volume the existing arterial pressure The 
higher the arterial pressure, the greater the residual 


Now it 


add to the 


volun thes residual volurn 
to stretch the heart 


Thus the greater the artena!l pres 


follows that 
will venous return 
luring diastole 
sure. the greater the resedual volume. the ereater 
the heart will be 
with «a 
greater the stretch on the heart 


greater will be the 


the resedual volume, the more 
stretched during diastole 
return 


muscle, the 


constant venous 
and the 
force exerted m 
work 


thes 


contraction to against the arterial pressures 


In addition ¢ there 


skeletal mus 
In other 


loading rinciple 


also eviderwe that heart muwte, like 


cle responds to an after load words 


not only i the heart contraction more forceful 


when presented with an mutually increased load 


but « will also contract more forably when con 


fronted with the mcreased tension required by an 


elevated arteral presure Tt is by these 
physsologn al mechanisms that the normal heart is 
slated to 
the required volume of blood thro 


We should not 


of cards 


neely reg arty out the job of pumping 


sah the sveterr 


m passing that thes pon 


ompensatror has certam limitations as 


with any compensatory mechanism You know that 


with skeletal muscle, there a m loading a 


musxle bewond which the becomes over 


strained and is incapable of developing adequat 


You 


a wei 


tore also know that thx danger of over 


developed muaxle not too great 
while rather casy to overstram 4a weak mux k 


The sarnx applies to the heart. A normal, healthy 


heart has a tremendous reserve of COMPpe4nsat ron 


Rewee 


avatlablc tor handimg an 


Nut 


wt doen te 


wrth the Its 


stron. Any mm the load placed 


upon destased heart muy Owverstret hong 
the muscle beyond cor 


the tor ot the 


thas 
te of 


the hansen 


heart beat drops off. u 


wh frase! feturh 


mveive’ m the of 


acute congestive heart failure, whack w ah 


diseased heart may cm 
Tutake 
al 


makes the 


«hon bee 


So far we lett le 


rate of the 


have the 
beat Actually 


emphasize the 


heart over 


umportance of hea ate chanyres 


m dynameas As woth other factor 


hanges heart rate cannot mcrouwe 


the amount of pumped by the heart, unbews 


venous return also changes [If wenees return fe 


mars constant, an mcrease m heart rate will oly 
result on 
total 


tlarly, of 


lows bload being pumped per beat, the 


ardiac Output remamung unchanged. Sim 


vemos return adequat« 


very 


sow heart 


can pumy large amounts of blood by the 


om pensation principle we have t dex 


Eviderm ¢ of thu relatronshiy sen equently 


m cardea patients who have duturheme hear 


rate Many ambulatory patients may go about thei 


business with heart rates remammng between 150 


to 180 per minute while others make out reas 


ably well with heart rates around 45 per minwte 


Both types of patients may have adequate 
blood. Thes 


patients are 
cardiologist, not 


itself, but 


eral corculation of 


concem to the because of 


abnormal! heart rate rather because 


listurbed heart rate «6 a wen of a diseased 


and other consequences of this disease process 


more to be feared 


There are two ways, however, in which changes 


in heart rate influence the efhesency of the cir 
First 


itself The 


heart rate alters the of he 


heart normal resting ™ ate of 


around 


in terms of mechanual efhoiency of che 


per munute does not represent thee 
Mum rate 
This efhoiency is 
of the 


heart muscle wmcreased by ace 


erating the rate heart up to about 1 “Tt 
minute Just where the optumarn rate lees has been 


debated different 


howe ver 


and certainly with wads 


There 


above 150 


varies 


viduals is no doubt that at motes 
per menute the mechanical efhcsency of 
This is the reason 


why cardsologests are anxrous to slow the heart of 


the heart serwously deteriorates 


a patent whose pulse has msen to very high rates 


The low mechaniwal ethoency of these high heart 


4s” 
a] 
he 
4 
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Toe as 


rates, coupled with an already weakened heart 
may precepetate acute heart failure 

In addion, moderate heart rate 
allows the heart to pump out 
bieod a 


mechanwm wvolved here will hecome clear ome 


m 
atge 


lower lewels of pressure 
works out the influence of heart rate on the “Marling 


law principle. A slow large vol 
umes of only by mamta.cong hugh wenous 
wrench of the 


has 


an be obtained only by damrnung 


heart can 


preswure to prov ule ade juate 
mu le 
pressure 


buck « 


during ts fhiling phase elevated 


amount of the circulating Mood 


volume on the wenous Gy accelerating the 


heart rate, the heart can pump the same amount of 


blood, without requiring as high a venous pressure 


to distend « durmg diastole As a result, the circu 


latwon of the blood «= more raped, and distribution 


to the perphery occurs more efhxiently, without 


blocel bemg logged up i the venous system For 


these reasons, we bod that heart rate « altered by 


means of nerve impulses Over the vagus Of sym 


pathetx nerves to ard im adjusting the circulation 


thes 


to the demands of any partnular moment 
to pur all togethet 


Now 


understand the if 


lo atte to 


Dy cxamuning 


the function of its NOt to 


understand « at all Until we can put the system 


CAPYLARY 


Review 


together functiommng anit, we hawe no truce 
omept of how the system really works. To aid im 
this sketches have been 
grven. I should emphasiae that these diagrams are 
nduulously ovenun and, m themselves, can 
be very musicadmg uniess onc peys careful atten 


synthesss, diagrammatx 


tron to the principles they are desugned to demon 
Mrate | we have patured the normal 
resting circulation. The heart ws represented above 
m ts Bload « 
artetul 
It then destributed to 
the capellary beds by the arterioles which rum hor 
from the 
vidual beds. The resting supply to cach capillary 


In Figure 


aid phases 


pumped kxkwise unto the sytem 


a5 by the arrow 


zomtally mam artemal trunk to the wd: 


bed will be regulated by arteriolar constriction 
depending that 


basal comdstions In the diagram, the lower capullary 


upon the needs of tussuc under 


bed has been pictured as requiring less blood than 


the upper apallary bed. Note also the blood reser 
This does not represent any discrete organ in 
the body, but m merely 
ular beds of the body which, at rest. tend to pool 
a volume of blowd which uw thereby taken out of 
the active 

Next let us consder what happens im exercise 
as shown in Figure 2 Actually the whole story of 


vou 


symbolx of all those vas 


orculation 


ARTERIAL 


INACTIVE CAPILLARY BED 


ACTIVE CAPILLARY 
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what happens to the crculation 
tremely mvolwed, as will become cvedemt when 
Dr. Opdyke tus aspect m somewhat 
greater deta:l a few pomts warrant 
at the moment. Comparing Figure 2 with Figure | 
a «= evedent af once that there has Deen « tre 
mendous change wm the acuvety the heart. The 
heart distended quxh more, and contract 
ing far more forcibly. This promarily the rowlt 
of emptymg of tix bleod storage reservoirs mto 
the venous return, as shown Some venous return 
very much greater, by Marleng law, the tone 
of the heart, and hence the volume & pumps, must 
be greatly mcreased. It will also be noted that the 
heart, m CONtracts to smaller reendual 
volume, im spite of the mereased load. This ap 
pears to result from the stumulating action of the 
heart muscle, derrved tram the sympathetx acrvous 
system, as well as some adrenalin which w coleased 
into the blood stream by the adrenal gland As 
consequence of the greatly wmcreased volume of 
blood beng pumped out by the heart, artertai 
pressure tends to msc, and arterial blood flow m 
creases tremendously The arternoles leadmg mito 
the mactiwe capellary beds and the reservou organs 
tend to shut down, so as to divert blood to where 
ut ws needed. In the active capillary beds, however 
kxnal of results m 
4 tremendous dilation of the arterroles supplying 
the capillary bed of the active tessue, which mm thes 
case would be represented by the skeletal muxie 
As a result, the tremendous cardac output © 
largely perfused through the active tissue. This 
blood pours out of the active capillary bed ito 
the wenous system, and, arded by increased respira 
ion and the massaging action of the contracting 
muscles, flows back wm large wolumes to the heart 
Hence the cycle «= mamtamed as long as the exer 
im ontimucs 

Now turn to consider the corculatron the hy 
pertensive patient at rest, shown im Figure 4 
hronm pressure. of hypertension 
atually embraces a number of different forms of 
vascular dwease, the details of which do not con 
cern us at the moment. For the purposes of am 
plitcation, we therefore pxture hypertension as 4 
purely arterolar disease, as represented by the 
thickened artervoles Because of the small bore of 


these arterwoles, and hence their large rewstance to 


bleed flow, blood tends to back up im the arterial 
supply reservor and place « under high pressure 
For reasons that are not enterely understood, the 


phywologxal mechaniums, which usually act to 


prevemt such a tse m artermal pressure, do not 


furncteon at normal lewels the hypertensive ps 


a®y 


HYPERTENSION 


Figure 


nent We thus have persistently high arterial 
pressure with consequent changes m the heart 
When forced to contract agammest thes high pressure 
the heart does not empty as mach as normally, and 
therefore the residual wolume mereases. The re 
vidual volume, plus the normal venous retum 
stretches the heart durmg diastole, w that at all 
umes the heart tends to be much more dilated 


than normally. this phywologiwal dilaton 


plus some anatomical hypertrophy whach ex} Lams 
the large heart size observed by X ray or physical 
examination of the hypertensive patient The dila 
tion, by placing a greater stretch on the mux le 
fibers, acts to increase the force of the heart beat 
so that can contract effectively agamat the high 


arte | pressure and maintain 4 reasonal ly normal 


carculation of blood. Note that the blood reservours. 
the capillary circulation, and the venous circulation 
is pactured as bering normal un the hypertensive pa 
tent. This appears to be essentially true m the 
patients we sec lnwally, untel the disease becomes 
wery far advanced. We see, theretore, that by car 
dia ompensation the heart of the hypertensrve 
patient can Mmamtain 4 reasonably normal citcula 


tron of blood, im sprte of the persistent rewstance 


it must work agamet 


4 
| 
fo ‘ 
| 
I 
| 
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vtnous 


CAPE.LARY 


HYPOTENSION 


But now compar Figure with Figure Here 
we sce the real problem of the hypertensive What 
will happen cxerm hve compensatory 
abslity of the hypertensive » heart has aire ady been 
taxed by the high npheral resistan at rest. The 
added return of May Well 


load the heart. Ia additron, granting that the heart 


1s able to clermonstrate some additional reserve and 
pump the additranal blood unto the arterial side 
what happen to the als ady cxcessive arterial 
hood pressure when thi greater cardiac Outpul 


pumped mto the supply servo’ We trust that 


a steady of these will Make quite 
clear whw the hypert ary the carleer stages 
troduced ex tolerance and why 
as the disease progresses, he becomes ore and 
more vulneraile to the danger of strenu 
inevitable cansequemes either overloading of the 
heart «© as to produce decompensation and acute 
congestive heart failure, or a mse m arterial pres 
eure to the where the eystem Dursts ts 
most wulnerable spat, whah sually om the 


Incedentally. the problem of the heart whah we 
the same for any torn th t dvecase. Almost a 


forms of heart disease mvolve, at least m their 
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later stages, dilatron of the heart m attempt to 
ompensate for the load placed upon @ by the 
weakening of us functional capacities. Conse 
quently, the stram placed upon such hearts by 
strenuous exercise results in the same cascntial 
as confronts the heart of the hypertensive 
Without adequate cardiac reserve the normal cir 
culatory compensation to posible 

Finally, we see the converse of thes relationstup 
im Pigure 4, which portrays the circulation in hypo 
tenseon Hypoter son. of seriously lowered Nood 
pressure, may result, m general, from one of two 
causes. First we might conseder any factor leading 
to « serious loss of blood from the arculatory 
system. This obviously reselts from hemorrhage, 
and may also be observed in patients with severe 
burns, or patients who have lost large amounts of 
fluid from the body by persistent vomiting, severe 
diarrhea, or even profuse persprration, may 
accompany heat prostratron or high sprking fevers 
Their venous return ws low because of madequate 
eed wolume The blood reservoirs these con 
ditions, indicated by the solid lines in Figure 4, 
have already emptied then selves unto the venous 
system im order to compensate for the loss on blood 
volume Since venous return is low, a follows from 
Starling’s law that heart action will be weak and 
arterial pressure and flow reduced. Since arterial 
pressure and flow are drastically lowered, there 
obviously can be little flow to the capillary beds 
The circulation may be able to lump along im this 
ondition tor a permed but obwrous that 
if the metabolw needs of the tissues are not pro 
vided tor, lite annot We thus have 
the deveiqpment of so-callk wrewersible shock 
which can be prevented only by rapid diagnoses 
of wah compderons and transfusion, of 
umilar measures, to restore an adequate circulatory 
volume 

Presumably this extreme form of shack us not 
often encountered by the phywcal therapist. Never 


theless, must ix membered that any patient 
onvalesxcing [ram Iness Of major sufgery 
will tend to have a x! wolume that «= below 


normal. This ts compensated by shutting down the 
forage reservoirs to maimtam adequate ve 
nous return, adequate artenal pressure, and ar ade 
quate pernpheral cir son Without ample reserve 
of bleod the storage reservors, however, onc 
ate pairment in the exercise 


must 


tolerance Of such patrents 


Another acute hypotension repre 
<nted byw the dotted m m Figure 4 For sworn 
reason, varmus Orgar i the suddenly be 
ome storage reservours, and pool so much 
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that there = no longer adequate blood left im the 
Thes 

ferred to as 
tram the standpow of the 
the actrwe cor 


mtrve culation re 
hermorthage 


wmmedsate effects on 


exactly 
Thus 


merve 


are 
atua!l arterial hemorrhage 
precipatated by 


responsil tor the tall m t 


the same as with 
may readily be 


reth 


and 


organs 


pressure 


these 
and 
At other 


may arise with potsoning 


with severe pan of emotronal disturbances. is 


metances the reaction « only a transeent one 


rarely of Consequence, m 


thes mex hanes 


turmes 


as from the liberated massive bacterial 


mfectrons, in whach case the ettuation may be very 


grave 


A sper ml example of thes latter type of hypoten 
won, with whaxh you ar 


wlarly tamular, 


that the 


parte 
postural hy potens:on It 
rethe 
proper tone of the 


appears var 


ous vascular responsitle for mamtamung 


artermolar mus ulature fermana 


repeate order 


W remain proper coordina 


lust as « brevet of disuse of sheletal mus 
le destroys precise ncuromux ular coordmatian, so 


the coordination of the sympathethi nervous sys 


tem seems to disappear after a brief period of dis 
ux Ye wach a 


the mportant 


oordimation is essential. if the body 


wiments in vascular 
Ipen sate for the grevitatronal action on 
hanges m posture It 
who have heen 


as 4 result of 


thes reason that most j 
period of strut hed rest of 


any duratron have 


sities in postural adjustments. The dizziness 


and famtness whech such patients expenence when 


Reve 


they 


ower parts of rive 


returm to (hx 


arc due t 4 pooling of m the 
Asa vere 

op sharply. the heart ounput 
and arteral pressure drop as shown in Pigure 4 
the 


bee art 
taunting produced by madequate sha 
Meus ally 


bet, to 


tran) to thee Pease 


thas weually 


ot vial consey thers 


pest, of the waxuwlar mnerveteon, 


as to postural hypetenwon, may well 


represent the 
of 
Wath 


“une of the 


thee dugrammatx representations of 


more important problems of the cucu 


bret ghumpse of the heart 
Must 
made no 
ut port amt 
a tran 
the corm fur 
mm term 
core 
Mood as 


we lete Gur 


and In however, we 


onfes that m our ducuwmon we have 
at all of the 
bed m thx 


ot the 


the 


heart ceeetifial for ulatory 
from, and vet the fumtron of thes 
lependent pon ms own supply the 
No 
be maintained with an adequate flow of 
constantly as the coronary svetem 
No 
makes sach cfhoent use of the Mood supplied to 
oyetemm As 
no vascular bed in the body dermands more exacting 
supply moment by 
eeten. But then, 
As the succceeding speaker 
is a recogneed authority in this held, it would be 
to tell wou the story of the 
I know he will develop that 
top much more adequately than could I 


nary vascular bed in the 


the heart vawular bed m the 


as does the coronary Consequence 


regulation of an adequate 


moment, as does the coronary 


this « another story 


out of place for me 


coronary system 
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tO mak 
tome to ? 
blood A 
for 
on 


The stucly of 


operate 


phywologn mechanimns, which 


veed of the wm divedual 
A bent of 


only calls play mnumeraic adypusting tits best 


| 


indeed fam mating on oof 


m results of various 
furtions that m without bwologn parallel We are 
aware that the conwalewen? patient cannot cxen nse 
to the earme degree as the healthy individual, We 
also note that some healthy people can perform 
reater feats of exercuse than others can, which 


hampions im sports. After making 


accounts for 


we allowance for mechanwal factors, the exercise 
lerances of the comvalexent patient ond the 
healttyy person are bw the same factors 
liffering miy wm degree 

The factors the exercise tolerance resecde 
m the setter However, betore one 
an appre: ate how thw metatoon of the 
toleran umes about, om wt be ac quamted 
with of the phywologn events aiuxiated 
the at of ewer Table | has been com 
structed especia ly tor ft shows many 
Pat “othe adjpustrmemts that tas place 
luring a bout of exercise The lower half of Table 
1 is of imenediate interest 

hve haracterist abvrousty the 
witt thon of ta Thm We 
hat phywolog well operate 
with the abject { making possible the 
of the ule for the ogest possible tome 
Referrme to Table we sce that the fret (hemes! 
reactron m the prawess of ular 


am anacrot reakdown of the substance, adeno 
whih loses phosphate grour 
am energy The second reaction, the 
{ reatin reatite tree 
phosphate radnal, and energy, carried 
ve avert These feactrons 
provide the prumary source of energy for musular 
the 
The hetam es adenowunet rif hosphate aad phos 
phox catine are. to speak the real tuel of mus 
slat contraction. However, the supply of these 
fuels m the mute cell « lemeted. and a very short 


m regrons of the 
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period of contraction will use up these compounds 
unless chermmcal reactions are goung on at the same 
time which replenish the supply. The 


whah formation of more adenosine 


fea trons 
fewrlt om the 
triphosphate and phosphocreatine are oxidative im 


haracter. The chief substance oxidized is glucose 


although the oxidatron « not direct, many inter 
mediate steps being necewary before glucose « 
finally broken down mto carbon diounde. water 


and energy 

The purpose of the whole oxidative cycle is to 
provide the energy to the re- formation of the 
adenosinetriphosphate 
and phosphox reatine An adequate and continuous 


xercising musxle os 


4u™ 
anacrobually-acting fucls 
~upt ly of oxygen to the 

exercese « to be mamtamed for 
Whether or not the 
lepends upon the 
assuming the pulmonary 


pensable, if any 
supply ot 


are ulatory 


length of tun 


oxygen adequate 


wtem to a ch 


grec 


syetem to be ftuncts normally 


Since the O, 
combunation, with 
red Mood cells 
delivered 


to the teesues m loon 


the hemogiotun contamed im the 


the volume of blood, per unt of tum 


oO an exercemmg muxtle system will determine the 
amount of oxygen made available to that system 
durmg that tome 

Referrmmge agaim to the «hema showing many 
ot the adjustments made durmmg a bout of exerci 
we see that many of these adjustments have to do 
with providing a greater volume of bleod flow 
where needed Note parte ularly that the 
heart pumps more blood (4 result accomplished 
by mucreasmmg the venous return by the massaging 
tion of muscular contraction and the emptying 


of Mood 


m 


heart rate by reflex action and 


reservours, such as the carculatory 


} reasing the 


byw mcreasing the volume of blood expelled by the 


heart at cach beat Not only is more blood pumped 
bw the heart, but the blood is rerouted so that a 
ereater proportion of the total flow is diverted 
to the exerceng muscles. First of all, the vessels 


not actrvely 
recerve a lesser pro 
amount of blood pumped the 
This condition 
artetwlar 


wheah are 
parts patting m the ewerces 
portron of the tota 
alxfomuina vex for te 


may be the rewlt of a 


onstratron of 


j 
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TABLE | 
Sequence of Physiological Events During Acute, Moderate or Severe Exercise 
Increased ©, utilisation 
Shifte 0, dissoc. Greater 0, Greater desaturation 
curve to left. carrying cap. of venous blood 3 { 
Greater saturation 7 
of art. blood Shifte 0, dissociation 
T curve to right. More 
Relative increase oxygen to tissues 
Lower CO, and in REC T | 
} higher 0, tension Tissue acidosis 
in alveoli i 
T and loss of weter acid (and 
Greater ain. vol. 
of respiretion in 
body temp. 
Reflex stim. of 
resp. muscles — »Anerodic breakdown ———> plac acid 
T of adenyl triphosphate, & glucose 
phoephocreatine 
Stia. of pro- increased ami glycogen 
prioceptors venous return 
Reayn thesis 
Increase in beart of oxidised 
rate and aystolic saturetion 
discharge Relative of bemo- 
Increased cardiac ®planchnic globin 
output vasoconstriction | 
| 
Greater 0, 
Muscular fatigue Oreat increase in | consumption ; 
T aystolic pressure 
Vasodi latation 
Accumulation and opening of : 
capillaries in 
Increases 0, exercising tissues 
3 ami giucoee 
available to Together 
tis@ues little change 
in diastolic 
Failure 
Increase in pulse pressure 
Removes «— {reese vol. flow Increase in coronary 
waste products through exercising flow. (Also effect 
tiseues and lungs of acid metabolites 
and epinephrine.) 


Tree ar 


wach areas, bot @ that the o 
more apparent thar Ih ficct of metaboleues 
heetty athon uleny med, the three 
arhon of the lactw ached type, the m 
tempersture, and offer factor, fesuits 
ng Im thes ner the rowstame the 
flew of | ox! ted a well 
ermtert these tegrons Alu ha pracess pratwivy 
mail for the diversas t im tive 
area Asa walt of th card mat 
anal the ce ascd inflow resstan an wurease of 
4 potent factor in pushing more through the 
tis 

As rewlt of all these factors, the bleed flow 
more von wah « may oot 
hw enough to pply the oxygen need of the con 
trating nibers hoes natey ponted 
up by fact that persor m gO mto oxyecn 
det that be can wee up the anacrobe: sources 
ot gy tester than vored by 
pro amu ims mip 4 
coms. A person chgaging i shaustive exerci 
may na 5S of 
behind hes aeeds f hat partiular cuercim All 
ments to the hard vid tact that the dura 
wmtenety of s lwmeted few the 
artnet) availaivc and furthermore 
tha te tut he i onyeer 


pul way y tix arcdhia mat pal 
Rea th npera to 
tbe heart as Tite! meauire as t& 
how ks and why inadequate wher 
certan 
it ha peak of the amount of Diood 
ped by the heart as the cardiac Output. Ths 
ark ay ™ atexl ty iplving the volume 
artis pet of the ay age af ¢ 


et t? Pw the yeicn venous tvetcm 
(for the heart cannot pun re blood than it 
receive and the abulity of the heart to crect blood 


ontained im the great artenes 
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The contraction of the heart (myo 
on the blood “tamed m its covets 
tevelops pressure It the higher pressure im the 
ventricles, compared with that in the great arteries 
that causes the blacd to he esected fram the heart 


for comtrachon depends upon a oumber 
of factors the number of mustle fhhers contracting 
the extent to whech they contract. and the wn 


of fac the vartous fibers 
However. the number of fhers omMractmg af cach 
beat of the heart relatewely constant ( 
and the of individual fiber 
rac joes not vary great deal under 
lifherent umetances Therefore, the most wari 
able tactor the extent each ther con 


teats. As has been mented Gat m the preceding 
paper, the fore and extent to whach cach fiber 
ontracts depends upon the length of the fiber 
ast prior to contraction, which, im turn, is depend 
ent cheefly spon the degree of dilatation of the 
a step further, we can also say 
that the degree of shortening of the myocardial 
hier depends po the amount of energy released 


byw the chemecal of contraction As m 


skeletal muxtle, the chemical reactions responsible 
for providing the energy of contraction are anacro 
he howe ser ardia nustle differs from skeletal 
« le Apparently thy pry of adenosinctr 

hate and pho phoacreatine im archac muwte 
+’ mach more mited than m skeletal muwle 
or tts rate of wee mech ereater As a cor ¢ 


xy get at skeletal muwle 


way 


ve that “unre 


be made f the supply ot 
oxygen to the heart um to an extent commen 
surate with the eres jemands made upon i 


The heart musle does not benefit by the oxygen 
ontamed m the blood wathm mts covities, but 
pplied by the coronary 
hand wessels distributed through the walls of the 
heart Therefor as om the case of skeletal muscle 
the ammount of work that the heart can do ws lemueted 


by the amount of blood which can be deliwered 


t through the coronary system. The adequacy of 
th wonary systern, therefore. in the final analy 
os, Devoe he lumeting factor m determining 


The mass ronary ongmate from the 
sorta abowe the sn mar valwes. The right 
mary artery supplies the oght ventricle. and 


the posterror half of the mterventrs slas sp 
mary artery supphes the 
eft ventricle and the anterwr half of the septum 


f 
4 
| made availa latory m 4 
4 
4 
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Bach of these arteries, after few 
tumes, Courses directly the The arterial 
twigs may pass through one of more Mute layers 
before dividing again. Finally, the arterioles break 
up mto a capellary network whose wesstls fon 
parallel to the direction of the myocardial hbers 
The coronary blood is returned to the mght atream 
bw way of the coronary sinus, whech drams choctly 
the left wentricle, the antermor cardiac wems, and 
the Thebesan vessels 

The blood flow through all of the coronary 
system has been cstumated at 5 to 10 percent of 
the total cardiac Output at rest How much coronary 
flow «= wmcreased during cucrcme we do not know 
although st certain that flow mereased. The 
mcrease in flow results from the miterxtion of 
three factors: (a) the pressure head m the root of 
the aorta, (b) the crow-sectional diameter of the 
coronary wessels, and («) the effect of extravascular 
support of the coronary vessels, When the mean 
more blood ss pushed through the coronary system 
Of all the factors mcreasng the rate of flow, ths 
perhaps the most mmportant on The second factor 
us the diameter of the coronary arterioles, and, per 
haps, the capillanes. The greater the total cross 
sectiona! diameter of these vessels, the lower the re 
sistance to the onward flow of blood. Thus, of the 
vessels dilate, and they are thought to do so during 
exercise, all other things bemg equal, the amount of 
blood flowing through the coronary system would 
be moreased. The third tactor one that m some 
what difheult to assess. As the ventraular muscle 
ontracts, a compressive force is exerted on thé 
vessels runnung in the walls of the wentricles. This 
ompresmon acts to squeeze down on the v ssels 
and to prevent blood from entermeg from the 
arterial end: but, at the same time, it tends to 
squeeze blood toward the venous end During 
exercse, the number of compressions per munute ts 
mereased, duc to the mereased heart we, and cach 
ompression cxerts greater pressure due to the 
greater force of contraction Our bew experimental 
evidence to date wndwates that thes action does not 
merease coronary flow, but rather hinders 

Now, let us examine im detail the relation be 
tween exercise and the rate of coronary flow As 
the result of exercise, the amount of work that 
done by the heart muscle «= imcreased) Work can 
be defined as the displacement of a mass as 4 
result of the application of a force In the case of 
the heart, the displaced mass 1» the biood pumpe 
by the ventricles, and the force the pressure 
exerted on the bload within the ventracular cavities 
by the contraction of the heart muxle For com 
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parative Purposes, can rougtly approamaate 
the work dane by the heart by thx 
of pet wy the een 
arterml preweere. As we have mducated before, the 
of peer ped durtig m greatiy 
mcreased over that puttyped at rest The mcrease of 
catdiac Output comes about by both the 
amount of blood epxted at cach strake of the 
heart, and the of Strokes per 
Mean arterul pressure, the pressure agamet which 
the heart quet work, wc reases durmg 
due to the moreaxe m stroke volume and 
uxreased heart cate cost, the beart may 
perform wink at the rate of 6 kg meter per 
munute, but, durmg cucriise, the work may 
mcrease tenfold or more As om skeletal and 
other mechunxal machines, the work output of 
the heart = oot accomplished with 100 percent 
Only a small fracteon of the total energy 
expenditure appears as work The resteng heart has 
a very low efhoency rating, somewhere around 4§ 
petvent however, during the 
mareases to a respectalde 20 percent of more 
Coronary flow « abo mereased during 
In the fre place pressure d 
thus morcasing the pressure head, which pushes 
unto the coronary system Recent ewndonce 
has been adduced wheah leads to the conchaneon 
that the resistance to flow through the coronary 
vessels decreased This decrease mm flow 
ance presumably duc to a widening of the cor 
onary vessel bed. There are two mechanums which 
could be responsible for this: first, a relaxation of 
the tome of the oronary vessel 
walls, or am active dilatation of the vessel. Thew 
eflects would brougght about bw reflex acteon as 
the result of nerve impulses anmene trom the 
ation of skeletal mules. The second possl alety 
is that the wessels are dilated as a result of the a 
tron of metabolites, hormones, of relative lack of 


oxygen nown that a number of substances 


liberated muscle will act to dilate 
coronary vessels vylic acid, for example The 
hormone epinephrine which « liberated from the 


adrenal medulla during exercise, « reputed to bx 


a coronary dilator Anoxia, the lack adequate 
Oxygen, a Very potent dilator of coronary vessels 
Some work indicates that the rate of coromary flow 
1s adjusted by the relative rate at which oxygen 
needed. indicating that condition of relative 
oxygen-lack potent force cor 
onary flow. Sence both the heart rate and the extra 
vascular compression -cffect on the coronary vessels 
are mereascd, one would capext a decre «or 


onary flow as the cffot of these factors. However 
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§ 
| 
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the effect of increased pressure head, and the de 
creased flow rewetance duc to dilatation of the 
vessels, seems to greatly cutwagh this effect 

Is summery, then, the effect of om the 
heart to mecrease the work load on theqheart, by 
virtue of mxreasing output and the pressure 
wheh works Concomitant with the m 
crease in work, the coronary flow u also mereased 
The increase m coronary flow uw 4 necessary event 
if the heart to an mocreased work out 
pet for any period of tume, since an adequate 
oxygen supply depends upon an adequate coronary 
how 


The fact that the work output of the heart 
with cxercme indicates that a greater 
ammount of energy must be expended by the heart 
muscle Sence the energy ws altirnately derived from 
oxndative reactions, follows that the oxygen re 
quirement of the heart is also increased Bex ause 
the oxygen must be transported by the coronary 
curculation, the question is raned as to whether or 
not the coronary circulation is adequate at all tunes 
to farnish the required additional oxygen Just 
what the relation m, between the amount of work 
done by the heart and its oxygen requirement, is 
not known with certamty, however, known 
that the heart muscle extracts 4 large amount of 
oxygen from cach unt of blood passing through 
tt, ewrn durw grew The average Oxygen saturation 
of coronary wous blood about 24 percent 
whereas muxed venous blood « usually shout 70 
percent saturated. This indicates that if the heart 
musxtle needs more oxygen it must obtain « by in 
creasing the coronary flow, snce very little more 
can be obtained by extraction from the resting 
bieod flow also true that, as the contractile 
force of the failing muxle decreases, the oxygen 
requirement wurease indicating 
necessity for an ewen greater coronary flow. As in 
the case of sheletal muscle, probable that the 
requirement of the mycardiarm for oxygen m 
(teases out of proportion to the amount of work 
done. Furthermore, at w probable that every ind: 
vidual has a to which his coronary 
low an be thus the work 
capacity of hes heart, and, thus, his exercise tol 
erance. This limut apples to the mdividual with 
a normal, healthy heart, as wel! as to the imdividual 
with heart disease. merely a matter of Gegree 

Unfortunately, m the case of severe ewercese, the 
mcrease om coronary flow apparently us not suth 
cent to supply all the oxygen needed by the heart 
even om the case of a normal individual. Regardicss 


of the physical state of the individual, some sever 
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ity of ewercise can be reached at which this situs 
nen will obtam tr alo unfortunate that no 
physologxal means of increasung the rate of cor 
onary tow, over and above what adjustments the 
heart itecli cam make, are known. We are, there 
fore, faced with the wtuation of making the bew 
use of the coronary flow existing under any particu 
lar conditions 

it ws always dewrable that any bodily mechaniwn 
pertorm eth rently and possess feserve m 
order meet ocawonal, out-of -theordimary de 
mands that may be placed upon ut. The heart 
not an exception to thus need, m fact, t os the one 
organ of the body which must necessarily possess 
these attributes. Therefore, « has always been of 
interest to know whether or not, m some way, the 
work capacity of the heart could be umproved, and 
its reserve mecreased, by a planned program of 

yeical exercise. In the case of the normal, healthy 

art the answer io “You 

Let us examine the effects of a program of tram 
img on a normal heart. Suppose we subject an im 
dividual of sedentary habits to a traiming program 
for a period of sx months The daily bout of 
exercise might be running on a treadmill at known 
speed Comparing his performance before and after 
the training period a number of improvements 
would be noted. For convemence, these have been 
listed in Table I. We are chiefly interested in items 
6, 9, 10, and 11, since these pertain more particu 
larly to the heart 

Because oxygen consumption and cardiac output 
tun parallel, roughly, during heavy exercise, the 
imcrease of maximal cxyger onsumption (6) 
cates that the subject has increased his maxima! 
cardiac output, and, hence, his exercise tolerance 
Sunce there no significant difference between 
mean blood pressure of trained and untrained sub 
jects when doing exhausting work, and if we recall 
our ample approximation of cardiac work (CO 
x MBP), we sce at once that the heart of the 
trained individual «s capable of doing mach morc 
work than that of the untrained person, because 
cardiac Output is increased, and mean blood pres 
sure is unchanged. The primary effect of traming 
on the heart, then. « to morease its work capacity 
It mught be sad, in passing, that running exercises 
are best for beinging about the changes noted m 
Table 1. Weight-lifting exercises, for example, do 
not result in such a development 

We may inquire what adjustments the heart 
makes im order to acquire the capacity for addi 
tronal work As | have pointed out previously 


there « no evidence that the absolute rate of cor 
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THe 


Sammary of the Egects of on Phys 
The effects of frequent ami tegu 


lar exercase on the phywologu al systems of the boxdy 


Sy lem 


hav been ofserved mepestedty stasniard 


As 


during 


the changes wha h have 


work 


heen reported are the followmg 


longer duration of effort betore exhaustion 


sight dime m the rate and depth of 


breathing at res 


decreased pulmonary ventilahon 


moderate work 


ability to attam 4 greater minute votume 


of ventilanon w work 


amity & A greater Oxygen 


thon durmg cxhausting work 


greater mechanxal 4» ated 


bw a lower Oxygen Consumption for given 


amount of 


greater utilization of anacrobu: 


resting heart rate 


smaller wcrease mm heart rate durmg mod 


erate work 

larger stroke volume 

more tapid return of heart rate and blood 
pressure 


to normal followimmg activity 
blood concentration for the 
performance of a given amount of work 
blood lactate 
oncentratrian betore exhaustion occurs 


lactate 


to achrewe a tugher 


onary flow will merease commensurately with the 
increased demand of the 


Until 


for other explanations. If we 


heart muscle for oxygen 
such evidence us forthcoming, we must look 
assurme the coronary 


flow to remam fixed for any grven intensity of 


exercise, and, therefore, also the supply of oxygen 
we see the possibelity of mcreasing the work done 
only if the supply of oxygen 1s used more cth 
crentiy. Thes appears to be pres what happens 
The clue to the adpustment foufd m tem 
Table 11. We note 
heart rate lower, at grven mtensity of exerci 


strok 


well as durmg the 


10, and 11 m that, at rest, the 


the heart rate is also lower, and the volurne 
larger, at rest, as 


Nx 


to the 


ewer im 
you will recall that 
heart 
stroke volume 


ardia Output 1 equal 


rate per minute multiplred by the 


It obvious that m order to get 


4 cordix outpat of 10 items per We can 
have exthet a rate of 200 
o we can bewe « heart rate of 
a stroke 


of the 


amd Mrake volume 
and 


volume of 11) Por given 


vetraned and 


will hawe the same Gutpet 


The difference will be that the entramed pera 


will achvewe hes Outpet by a fast heart fate amd 


well the 


volume, whereas, after tramung, he 


Gulpal a fate 


and a larger wolume Is the letter ert 
of acheeving the output More ters 


Mum 


consumption of the 


of ©, than the lormer 


The 


yes 


onyern myck 


lmear with the drastola length of the myo 


card! of. to pul a with the 


This 
a 


way 


diastolx volburtx with large diastolx vol 


umes, such slower heart cates, the 


OXY per stroke « ereater, but due 


to the slower rate the oxygen consumption per une 


of less. Therefore, wet! he hia 


output the slower heart will require les Oxygen 


or. tor the of oxygen weed, the 


pumy 
apacity of the heart has boon m 


salle 


slower heart will more blood The work 


case, theretore 
by makung more cthoent use of the avaslable | 


ply of oxygen uel com 
tribution made by trammung to the work capacity 


of the heart 


Thies appears to be the 


Someone sure the question as to 


whether or not cardsm hypertrog hy occurs as thx 


taixe 


result of exercise, and, of whether of not this 


a benefial dewelopment. It axromatx m phys 


ology that use begets Sypertrog hy and disuse begets 


atrophy. The heart appears to be no exception to 


this rule Hypertroy hy, anatommally 
Thoth the 


sarcoplasm and the number of myofiils (the 


Of a 


thekenmg of muscle fibers amount of 


ontracting clements) increase mm cach fiber, there 


is wo wncrease in the number of fibers. It weually 
made apparent by an increase of the heart weeght 
hody weight ratwoo Observations on migratory birds 
heart 


than im nonmigratory fowl, the 


show a greater weight body weight ratio 


sare true when 
breeds of 
that the 


dog» an 


omparing working and nonworking 


dogs Experwmentally, « has been shown 


heart woght body woght rato 


increased by exercise, and, likewise, m rats. In 


addition, im the rat it has been shown that regres 


sion of the hypertree phy takes place after the rat 


goes back to a sedentary regune. The data on hu 


mans are too few to be certain whether or not the 


same is true, however, a good case can be made 


tor hy sologs hy pe ttrophy 


Whether or not a physiology hypertrophy 


sseful ts debatable Fundamentally, a hypertrophy 
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should be beneficial, because, for the same degree 
of dustolx ther length, the contractile fone and 
aroke volume should be greater m the hyper 
tropiued heart. However, we certainly know that 
the hypertrophy associated with heart ducase 6 
a rather than ap asset. Unfortunately, 
greater mass of contractwg heart muxie will re 
quire 4 greater supply of oxygen Whether of not 
the hypertrophy «= benefcw! will depend, then 


Exercise Program 


The previous paper has given us an excellent 
review of what exercise will do to the heart, and 
the question, “What does this mean im 4 clinwal 
exercise program arnes. The previous papers 
have made t clear that, m any exercise program 
one will have to rane the question How does # 
load the corculatron, and what effect does # have 
on the heart 

It too often the practme when 4 vigorous 
program set up to forget that besides 
working the muscles that have to be exercised, we 
are putting 4 sevete extra On the canculation, 
amd particularly om the heart, and the previous 
paper has made very clear what the physrological 
are m wah program 

Obviously, everyone of the brought out 
wm the prewrous paper should be considered im set 
ting up a clonal exercise program, and has be 
cane car the preceding dim usveon that 
program can be completed 
without previous careful evaluation of the status 
of heart and corculation From a clinical standpomt 
there are three mam powmts which | would like to 
ae 

First, t has been pomted out that the factor 
the heart « the coronary blood flow, and 
it Very mmpertant to realize that there are no 
al means to merease thes blood flow 


¢ are all aware of how serous a defect m coro 
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on whether there has been « ‘oncomutant murcase 
the coronary circulatory bed and coronary tow 
Evidence from pathologu ally hypertrophied hearts 
indicates that coronary development does not keep 
up with the increase of mux le mass, consequently 
there is a relatiwe decrease m coronary flow. If the 
applies to normal hearts hypertrophied as the re 
sult of exercise, then it truly represents the lamiting 
factor that determenes cxercese tolerance 


nary blood flow can be, and how difhcult « uw to 
evaluate clinxally its adequacy. Recent measure 
ments by Ivy and Krasnow are an attempt to 
re-evaluate the adequacy of the coronary blood 
tlow 

Dr. Opdyke pointed out that there is a fixed 
whach any normal has. Clinwally 
we are all farmlar with thes, and any normal mm 
dividual who has ever clumbed a steep hill knows 
the results im pounding of the heart shortness of 
breath, etc. If one took the time to feel one's pulse 
one would notwe probably the most significant 
phenomena in the mcrease im heart rate 

It ts essential, then, to know the capacity of the 
heart. This seed is accentuated because many of 
our patients requiring am exercise program also 
have heart disease. Many of them are older madi 
viduals with the mitial evidences of arterrosclerows 
and others hawe had heart disease m the form of 
rheumatx fewer or other diseases. It ts important 
then, to realize that a thorough evaluation of the 
heart should occur before a strenuous exercise pro 
gram 1s started, and also that the response of heart 
and circulation to the program should be checked 
frequently as @ progresses. Particularly, a frequent 
heck on pulse rate should be made. kt is our 
practice to allow only a lumited mmecrease in pulse 
rate and to watch very carefully for shortness of 
breath. Electrocardiograms are taken and repeated 
as induated during the exercise program 


The second pomt, which has been emphanzed 
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in the previous paper and 1s of consderable clinscal 
mmportance, concerns the effect of trammmg. It was 
pomted out that 2 gradual exercise program m 
cteases the function of the heart by mereasing the 
ethovency, decreasing the heart rate, and increasing 
the stroke volume. Fortunately for us, the adapta 
tron of the heart to an exercise program usually 
occurs faster than the increased muscle power, so 
that in many mstances the heart has adequate op 
portunity to keep in step with the increased exer 
cise. However, it should be realized that this will 
not he so, unless the heart «6 in a good enough 
condition to take the load put on it by the exercise 
program 

Dr. Opdyke —— out the advantages of 
different types of exercise in the training of the 
heart. This brings up the third, very important 
point. Namely, that many of the patients wham we 
start on exercise programs have had a lack of 
exercise previously. Many of these patents start 
exercising after long periods of bed rest, duc either 
to the fundamental disease or to a lack of muscle 
power, such as in neurological diseases, or due to 
the fact that they hawe been unable to move around 
and have therefore, led a bedridden, or at least 
resting, life for a long time before they come 
ender our care. It is, therefore, of considerable 
climecal importance to analyze whether bed rest 
om stself, has an effect on cardiovascular function 


Recently, a very interesting experimental invest: 


gation of this problem has been published by the 
of Dr. Ancel Keys of Minnesota, in 
number of normal subjects were 

winder extremely well-controlled 
conditions Six young men were used as subjects 
Careful examination revealed no note 
worthy physical defects. The men were 9 in the 
laboratory during the entire experimental period 
During periods they carned out routine 
chores commected with the maintenance of the 
They were fed a known dict and were 
given periods of physical conditioning, three weeks 
of bed rest, and six weeks of reconditioning 


laboratory 
whu h 
hed 


small 
riven rest 


physical 


active 


laboratory 


In the bed- rest period, they were under constant 
supervision and bedfast nursing care They were 
allowed up to ten minutes a day for bowel move 
ments. For an hour in the morning complete in- 
activity was enforced, and for two hours in the 
afternoon, and for one hour in the evening. Lights 
were turned out at a fixed time. The subjects were 
allowed to read, but a limit was put on letter 
occupational therapy” was allowed 
Visttors were lumited 


writing. No 


A condoning program of sux weeks was carried 
out before cach perod of bed rest. The men 
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Polio Emergency 

Reports of new polo patents in many 
parts of the country have continued to 
mercase. Local physaal therapists have 
had to greater patient loeds to 
meet the emergency 

We are having the mow urgent de 
mand for physical therapets for tem 

wary cthergeny amignments that we 
oa experienced this year, and we have 
been unable to 61] many requests and 
desperately need physical therapists for 
emer gene) polio 

If you are available, or can be made 
avatlable please tele your chapter 
president, or Service, 
American Physical Therapy Association, 
New York, V.. JU deen 62982, Collect. 


walked on « motor-driven treadmill at « fixed 
speed, at a fiwed grade, six days a week. They man 
for $ munutes, at 7 mules an hour, at a 10 percent 
grade. Daily walks and runs were mereased a 
cording to a fixed sxhedule. Psychomotor condi 
toning was included m the program. Again a 
rigidly fixed schedule was adhered to 

This program, then, includes a bed rest, and a 
reconditioning period, under the most rigid labora 
tory conditions. Needless to say, a rigidly con 
trolled diet was included in the program, adjusted 
to maimtaim calor balance as estumated fram body 
weight. Standard clothing was worn in all tests 
It would seem that an experiment on a small num 
ber of subjects, controlled so accurately, um con 
siderably more valuable than an experiment on 
a larger number of subjects without the rigid 
controls 

A whole battery of tests was performed, and 
a mgid test sequence was set up for the entire 
series postural adjustment, roentgenkymogram of 
the heart, basal metabolism, secrobec work test, 
anacrobic work test, psychomotor test im luding 
coordination test, speed of movement tests, tapping 
tests, reaction time, hand grip, and ataxiameter 
Blood volume and cardiac-output estumations were 
done on separate days. Cardiovascular response to 
postare was determined by a tilt table. Pulse rates 
were checked during walking, and, during 
hausting physical work, expired air was collected 
continuously and analyzed. Lactate determmmations 
m the blood were done 

The expermment, then, consisted of « complete 
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buttery of tests. on af 


the mow mealy comtrolled conditions of 


bed rewt and 

The effect of the prolonged bed rom scemm to 
he most marked m the cardsowaxular system. There 
mai?’ percemt decrease heart volume and an 
percent decrease m hameter of the 
heart. There agnifcant decrease m the 


g pulse cate. There was conmderable imcrease 
pulse tate, after a hall hour Walk, the patent 
of bed res 
There was no change m ciency, 


who had passe { through a 


durmg the same walk, as a result of bed rest. The 
oxygen mtake during an effort uw reduced 16 per 
cemt after three to four weeks of bed rest, and us 
COM panic i bw wmcreases in oxygen det and blaod 
lactate, and a decrease of mechanical 
Partxularly umportant to us the 
gained trom these experiments that bed rem pro 


duces a marked deterioration m the ular 


to posture as measured 


blood-pressure changes produced by tlting Ob 


¥ purse rate and 


viously, thes Of parte mmpertance m any 
attest towerd ambulation of a patient who has 
hed long bedrest should be noted from 
these spermments that bed rest was not severe 
enough to cause a serrous lows of muscle function 
In other words, in these experiments we are deal 
ing with patients who, trom musck stand pount 
are still in very excellent comdition. yet the heart 
has already suffered notal letenoration 

it wmportant then to realize that mow of our 
patients, who come for an exercise program after 
sed rest, have had comsderably longer periods of 
bed rest than the normal subjects mentioned im 
thes paper. Many of them come to us hecause of 
the detersworation of muwte fumtron 
this becomes of even greater importance m those 
parents who have had atual heart disease. The 
setting up of a supervined program for the 
patient who has suffered scute heart dmcase then 
tex ames extremely important, not pe marily to 
rease that patient muscle strength, bat prunarily 
to produce gradual ewercises to recondition th 
heart to normal function 


The rate of recovery after the phase of bed rest 
was roughly propertronal to the extent of the de 
ation bed The pulee cate durme walk 
ng, and the oxygen during exhaustive work 


recovered fret ( between two and fwe weeks) The 
am pesture Was very hats 


urtene am dul not fetern anti after 


In vwew of the fact that change im posture 
Appes to be part larly damagme to the heart 


recovering from bed rest. ane would be tempted 
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to conclude that an exercee program after long 
bed rest, copectally m the case of 4 heart patent 
should start with exercises in bed, and that ambula 
of the patient should be sarted relatively late 
m the program. Old-tashvoned muscle-sctting ex 
ercises are wery valuable m thes ftespect. Also 
exercoses of the arms and hands, while the patient 
ws stoll lying down, can be used to great advantage 
it obvious that occupational therapy can be given 
to these patients in the carly tages 

The question of when the excercise program, m 
the case of a heart patrent, should start should be 
decided m consultation between the department of 
physsal medsine and the cardiology department 
There will almost always have to be a period of 
absolute bed rest. The second phase of the exerci 
program will start with exercises in the horizontal 
powtion and exercises to the arms and hands. On 
the average, thes second phase will start about two 
to three weeks after the acute heart attack, but « 
« essentiaily the cardiologist who, on the basis of 
his heart examination. wil) hawe to set the tome 
tor the start of thus program 

After exercise bed has been for 
tew weeks, witing up, and finally ambulation will 
be possible But here again, it the cardiologxal 
examunation whxh should st the tome and the 
rate Of mmcrease of the exercise program We have 
found m our | 


pital that an exerise program like 
this makes the transition from bed rest to ambula 
very muxh caser on the patient but let me 
stress again that a prograr like thes, in order to 
he should be planned through lose 
operation between the departments of ardiology 
and al ime 

The physical therapist will hawe the pulse rate as 
4 continuous indiation of what the patient can 
take durmg hus ex “ program and how much 
mctease im the pulse rate will be allowed should 
be determined before the program starts Ie will 
be fownd that, as the program cantinacs this m 
crease in pulse cate will become less and less 

A thord point m relation to the function of the 
heart om clinical physical medicine, that should be 
stressed, us the so-called cardiac-neurosis. There arc 
a nurnber of patients, having occassonally had some 
pain om the left side of the chest and im the left 
arm, who, with the popular knowledge of medicine 
which « now widespread, have become extremely 
strand that they are sufferme from a heart disease 
Many of these patients have forced themselves to 
bed rest and have become invalids because of it 
rously patients like these need a very thorough 
ardiolognwal check-up first, to rule owt any 
lence of actual heart disease. In some instances. 
the very fact that the patient has had a good 
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cxamunation, and has been told by 2 competent 
that he docs not have heart diwase, 
will make the symptoms disappear overnight. In 
other instances, the patient has developed such an 
ankeety-tensan state that attenmon will have to be 
paid to thes secandary involvement Many of these 
patents develop spasm of the pectorals muscle 
and m those corcumstances, mild diathermy to the 
pectoralis muscles can be of considerable help 

It should be re-emphasized, however, that this 
treatment should not be started, under any circum 
stances, without careful ruling out of any actual 
heart disease. We have found that, m many of 
these patients, breathing and relaxation exercises 
are very useful, provided they are done simul 


In any discussion of the corculatory system, 
well to kee pm mand that us chee! fanction 
the delivery of Circulatory dimensions, 
design, and operations may be correlated best with 
thes function 


Several basic questions should engage our atten 
tion: (1) How well, at any moment, does the 
circulatory system mect the oxygen requirements 
of the various parts of the body? (2) How does it 
meet these requirements’? (3) How does failure 
in the service of thes function occur’ 

It «s unfortunate, indeed. that the answer to the 
fest and most bask question can be given only in 
general terms We may get sore information from 
the nutritive status of a tissue. It requires little 
acumen to infer inadequate oxygen delivery in 
peripheral tissues which ulcerate and die follow 
mg arterial obstruction Nor does the sharply re 

lace 


chek be by greet The Beart 
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tancously with psychotherapy Without goeng 
deta: about the techax of bresthung and relaxes 
tran exerceses, « cought be stressed that relaxation 
procedures are medal procedures and should be 
integrated with the cnmre medacal program of the 
patent, under adequate medaal supervessoan 

Many of these patients with umagimary heart 
dincase have gone through long pervods of hed rest 
and mactivity, and obwiously they then fall under 
the second category and may find a difhoshk to 
take up normal life again without gradual exer 
cue program. We have seen « qummber of thee 
patents and hawe found that a gradual exercise 
program can prove very helpful im treating “heart 
ducase” which was nonexistent in the frat place 


duced work-capacity of isxchema muscle need much 
elaboration to relate to the im oxygen 
delivery These are obvious phenomena 

Less well understood are the more subtle, long 
range effects of a chronic circulatory defmency 
From such may develop, slowly, changes in tissue 
morphology and function and possibly even im the 
vessel walls. Such possibilities are indeed legion 
in number. There is littie expansion of such gen 
eralities available at the present time 

A valuable approach to this general problem of 
circulatory adequacy may be made by attempting 
to measure the oxygen tension in tissucs. In 6 
sense, this item may indicate whether or not the 
diffusion of oxygen from the blood vessels 1 occur 
ring at a required rate. A fall in tissue oxygen ten 
son might suggest that circulatory adjustments 
could not quite pace tissue needs. This would be 
valuable ty ek particularly since one would 
not need to await the unequivocal, but undesired, 
answer of the tissues. the development of pathol 
ogy. It « well to emphasize here that at the pres 
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ot tune no tet of adequacy quite 
good. m ientiix os the functional 
haunges whxh may develop m when sat 
ably severe stresses are presenved. But, cortamly 
newther the physcian nor the patient can placediy 
onremplate tet Lach dewres to be able 
to predut the comdstion whah may lead to di 
ater without actually attempting to confirm the 
pee 

Some preliminary successes in the study of the 
tesimes have been won through 
an adaptation of the oxygen electrode This gadget 
of platmam electrode mounted 
glass capellary which im turn has been blled 
with « saline agar gel If thes weet mserted into 
an electrolyte solutron contammng oxygen. and a 
curremt passed through the Con 
at the clectrod Diffueon of available 
oxygen maintains the supply at the electrode. The 
process therefore becomes dependent on the oxy 
gen tenwon m the whech the oxygen 


nm the 


electrode plunged. If the oxygen tenon 


tesues falls because of appa coreulatron, the 


platin m cletrades cOmsumperon of oxygen 


Tee 


Semce the bulk of the xchange betwoen 
the blood and taswes take place across the af llary 
wall, the measurement of «a ry an 
objective of major wmpertance in the study of the 
peripheral circulation | mportant to emphasize 
that the measuremen arteru inflow imto 


an organ docs not necewanly provide data on the 


level of capillary perf use cause of the poss 
bulity of the shunting of the capillary bed by ves 
“ls whah we ay dewgnat as artetrovenous 
anastomosn, of A.V shunt thoruughtare wes 


sels. These derect conmectrons ( varying m diameter 
up te 0.1 between arteries and vows, when 
open, allow the blood to by-pass the capallary bed 
m varying amounts. It m therefore posible to 


conseder the flow of blood unto any parte ular part 


of the a6 » of two fractions: that 
by passes the ameliary amd may 
lesugnated as 4 and that whaxh flows 
through the capillary bed and may properly be 
alled the very little known 
their clatry Magnitudes m various 
trssues under different netamces. 
have a nor photogs tees 
for the protien m several teesues, notably, the 


shen, pancreas, and kidney 


A first approach to a functional study of capal 


lary perfuson has heen made by two types of 
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ineasurement the rate of appearance of Auorexcem 
vasxular bed tollowmg mtrawenous moc 
won, and, secondly, the rate of “clearance” of Na** 
from the ate of its myectron 

The fluorexcin method mvolves myecting this 
dye « suitable and then recording the 
progressive m cOmentration m the 
whose vascular supply being observed 
The mstrumental recordme readily done by 
tlhumimating the worth ultraviolet hight, and 
followmg the green fuorewence with a multipher 
photo tube whose output can be offered to a surt 
able recording galvanormneter A 
urve w obtained, the slope of which expresses 
the rate of escape of the dye the spaces 
If capullary permeabulity not altered, and if other 
factors affecting the procedure are kept well con 
trolled, these curves may express the rate of capil 
lary perfusson 

The rate of uptake of a freely diffusible sub 
stance, as Na Cl from a perfused trsue 
should be related to the rate and extent of the 
perfusion of the capillary bed, providing changes 
captllary peri abulity, or diffusion of the aub- 
stance along tissue planes, or its dramage via the 
lymphatxs, do not grossly modify the application 
of this principle. It has been used for years im 
the saline wheal test introduced by McClure and 
Aldrich m 1923 This ample bat waluable tea 
uses the rate of disappearance of mtradermally in- 
pected salt solution as a measure of apellary 
fusion im the skin. It ts still sound procedure 
for obtaming mformation on the cutaneous circu 
latron, although mestrumental of the «alt 
uptake would improve its objectivity 

Obwrously, thes method. im ots umple form, 
applicable only to the skin. If the rate of uptake 
of sodium could be followed quantitatively in any 
tissue, a fairly precise correlation could be estab 
leshed with the lewe! of apullary perfusion The 
mstrumental methodology used in the detection 
of radroative wor offers an opportunity to 


study thes correlation. Radioactive sodvam (Na®*) 


be mopected into warrous tieswes in extremely 


may 
ow dosage and its concentration at the site of in 
ectran followed by a Gower counter. If one now 
harts the number of ounts” agaimst time, the 
slope of the line showing the decrease in the num 
ber of counts munute with tueme is an expression 
of the removal of Na**. presumably due to the 


rate of biood flow 


An 1 nportant advantage of this technic is its 
abulity to estimate independently the rates of blood 
flow om superfxral and deep tissues Such disc rim 


matory mformation essential, because the regu 


2 
| 
q 
| 
a 


Vol ©. No ti 


latory mechaniwms operating an the cutaneous 
muscular may differ radnally 


and extent of thew effats Likewnre 
pathologxal processes and therapeutx manipula 
tions may influence these two wascular beds un 


equally and m Hew per te i ways 


These two methods of measuring capellary per 


fuson offer much promnc, partrcularly when they 


are omiueed with wmultancous data On tistuc 


oxygen tension. Possibly the mow aj 


proaches to circulatory will 


prot lens im the future 
surmilar 


must 


be alone these pathways Bot at the 


present time, we content with less direct 


methodology 


Some GPNERAL CONSIDERATIONS 


When « hydraulic engimeer turns his attention 
to the eyetem of which he 
may be responsible, he makes at least two measure 


ments whech are essential to hes description of the 


destrrbuting tubes tor 


he meters the flow m the varrous tubes 


and he also measures the pressures. These data 


tell hum where the fluid « gowg, what forces are 
leak 


The study of peripheral vascular states must 


rey wed. and where obatractions of may 
cx 

mvolve comparable mformatron, if the mterpreta 
tion of the ugns and symptoms i to be on a secure 
amd 


bases if therapy to be selected and given 


wisely 


The description af a peripheral vascular bed 


should present data on the follo 


1. The of bi 


the flow to the varrous mnfluences which may chang 
the tone 


tg 


level d flow and the response of 


of the vessels 


The pressare pradrent along the vessels, since 


thes, combined with flow measurements, provides 
miormation on 

The few. (The tem, m turn 
ndxates whether there « an obstruction to flow 


approxumate magnitude, at ats locatwor 


t. The elastwiy of (Aude trom as 
mpl ations respecting the character of the vessel 


wall, thes factor significant wm aff 


and propagation of the pressure an 


tung the form 
velox ify 
These, in turn, influence interpretations of 


pres 
and resistance data.) 


sure flow 


MEASUREMENT OF THE 
Flow 


The warmth or coldness of the hand of foot 


routenely weed rough guide to the @atus 


Pevecat Teesary Revere 


of the 


eat 


of blead supply dev 


ot mabpectrve many dewnes have heen 


deve oped t give 


the of shen temperature m “C. oF 


through metrumental abyectivety 
mere than m terms of hat. warm 
cool, or cold. We shall ae 


however, that docs 


hone ty 


tellow thet 


more ewtunated 


have 


uratcly 


proxmmnated 


A of the 


hoke of prem ture 


py attentran 

to be weed mm the 
wratures, (7) the 
relanon of the surface temperature to the peripheral 
hlaod flow 

Temperature methodology » a faxmating study 
wha h 
might be used for our purposes anly two need can 


ern us here 


the 


measurement of surfs tev 


mentation Of the many dewnes 


hometer 


the thermocouple and the ra 


Thx operation of the therman ou ple denends an 


the tact that when 


two metals (eg 
opper and constantan) ar joned together, and 
a temperature difference between thew cold 


and hat «a of clectrans will con 


a6 long as thes temperaturc differeme exists 


Further, the clectronx diffuson prewure, which 


we call voltage, & proportional to the temperature 
iifierence Measurement of the voltage generated 
umply a question of clectrical matrumentation 


om erned 


facts to the 
measuremecm of hywolog: ai temperatures not 


we need not 


The appix ation of thes ke 


umple. Thermaouple dewgn, mounting and ap 


plication to the skin surface or deeper tissues may 


modify the thermal enwiroament and conditions 
of heat loss. The actual temperature of the thermo 
ouple may be as much as a degree or more differ 
ent from that of the Herne 


the accuracy weth which the thermocouple poten 


tress ‘omem over 


tials are read may be an instance of unwarranted 
hair splitting 

Ideally, the procedure used im the measurement 
yt surface temperatures should not alter them. The 
radsometer meets well. Its 
operation depends on the fact that the skin behaves 
as a black body in the infra-red portion of the 
and that the amount of radiative heat 
is proportional to the fourth power of the absolute 
temperature of the radiating surface Hardy has 
dengned a radiometer which wutable for clin 
skin temperatures 
skin 


slong the surfaces of the cone 


requirement quite 


ope trum 


nal measurements of Radiant 
reflected 
finally smkong the 


The 


heat emitted from the 


wart 


of « thermaps le 


rewultant 
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| 
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electra potentials may be then expressed either in 
ahs of m termes of the temperature oft 
the radiating surtace 

It that at any moment the temperature 
of the sku surface « determuned by the rate of 
heat loss to the environment, and by the rate at 
whech heat may be gained by the akin, either fram 
the external environment of from the deeper ts 
wee of the body If heat loos « greater than heat 
gain, the skin will cool. Conwersely, the skin tem 
perature will rie 

In the operatron of these principles, the convec 
tron af heat to the skin surface by the blood stream 
« only one of several wartables whah determune 
the poution of the thermal equilibria at any one 
moment Hen if the surface temperature uw to 
he used as an undwator of blood flow, observational! 
onditrons mast he defined quite precisely 

Let us first consider the effects of the environ 
mental temperature. If the room air is warmed to 


sa” ¢ the skin will be at least that warm, even 


no flows through Need tem 
perature ts the maxemal ree m tem 
perature, with an infinitely large flow of blood 
ould be only 4 Further. « can be shown that 
only a very emall flow of blood would be required 
ro merease the shin temperature only Now. if 
we lower temperature to 20” we have 
in the skin 
temperature, resulting from increases in bloo2 


available a possible increment of | 


flow Althoegh the thermal relations are much 


more woplex m fact than seach sumple tatements 


their opportunist use has led to a com 
ventional environment in which the patient & 
laced for observation This environment provides 


mexierately still at « temperature of about 


C Ske of the extremities. without a 
blood supply, will cool rapidly under these con 
«Tf. after waneous dilatatvon 


mduced, rapid rise mm temperature results. The 


increment in temperature ts a rough guide to the 


Regional Skin Temperatures of Nude Subject 
at the end of an exposure to a ool 


environment of three hours 
(T. of aut 24° C)} 


Regroe Regreos 
Forehead Arn 
heek 40 Forearm 277.8 
( hew 431 Finger 
Abtomen Call 
Thigh 42.1 Toe 3.9 


Review 


Taste Ul 


Regional Differences in Cutaneous Temperatures 
and Blood Flows 


Regios Flew Flew TT, 
Trunk 0.02 45 23x 10° 
Finger pad 0.27 $4.6 
Toe pad oo” wa 


extent of the dilatation. But if the expernment » 


carned out at a summer temperature of 30” 


the increment in temperature « less marked This 


does not less dilatatvon 

The inter pretation of t mpctature responses 
« further complicated by the fact that surface tem 
peratures are not necessarily uniform over the body 
at amy one environmental temperature When a 
normal, nude subject exposed to a cool environ 
ment, a surface temperature gradient may be scen 
along the extremities. (See Table 1.) The much 
lower temperatures in the fingers and toes suggest 
a more mtense vasoconstriction there Thi phe 
nomenon has been responsible im part for the 
oncept of 4 mitvrctor gradient extending 
perpheral ward 

These regional differences im skin temperatures 
necessitate orrespondingly iifferent standards m 
perature frements fc 
sulting from manipulations of the cutaneous 
rrculation 


the interpretation of ten 


The indirectness of the skin-temperature crite 
of cutancous blood flow may be ilestrated 
further by comparing estumates of cutancous bloa! 
flow with samultancous measurements of skin ter 
perature. Table I] presents some of our own fata 
as obtained on a norma! subject. Blood flows were 
estimated by a photoclect technuc which ts ck 
«ribed below. Finger-pad flows were more than 
ten tumes higher than m trunk skin, yet finger 
temperature was slightly lower Toe-pad tempera 
ture was so low as to leave the umpression of 
vasoconstriction. yet blood flow was af a rate 
fowr times greater than in the warmer trunk shin 
These facts may be re-expressed as the blood flow 
required to marimtaim a temperature differeme of 
one degree, between the skon and the environment 
The wery large regional differences in the value 
of thes quotient indicate that blood flow im only 
one of several wariables which influence skin 
temperature 

That skin temperature merely indicates the poss 
tion of the thermal equilibrium between the body 
and the environment, and tells little or nothing 
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about how the cquilibrrem was illus 
trated the Commmen cxaperence thal an meng 
individual may generate beat at 4 rate several 
tunes ahowe hes resting vel. with lathe eflat on 
cither oral of skin temperatures, he 
generated. The only way avaslablc, without very 
oomderable mec m skin through 
the evaporation of water, He smply must sweat 
This would accomplish 


et petal rt 


however, wethout « 
corresponding increased convex tran of heat by the 
Skin blood flow should rom Ya 
all chus can occur with only wery moderate changes 
skin temperature 


blood stream 


These clementary facts have been known for 
many years. It occurred to us to attempt thei de 
taled cxamemation cach main regron of the body 
The identification and quantitation of the several 
vanables which are operating on the setting of skin 
temperature require the application of the methods 
of calorumetry 


The heat loss from the surface of the body 
made up of the four variables radiatron, canver 
tion. conduction. and evaporation. In a semplihed 
experiment, conduction may be chuemnated, radi 
tive and convective heat losses estumated fram the 
difference im skin and environmental temperatures 
and evaporative rates determuned by collecting the 
water vapor in suitably deugned desxcating caf 
sales. Table 111 exhibats data thus obtained on a 
nude resting subject in an environmental tempera 
ture of 27.6° C. Considerable differences m the 
rates of heat loss are highest rate 
ocourmmg im the cheek Conservation of body 
heat by reducing heat losses in the 


shown, the 


ws well illustrated. The regional rates of heat low 
may appear to be exceservely high, but they are 
uncorrected for the effective 


about 


surface, whah 


percent of the total 
Pull understanding of these thermal data re 


quires 3m estimation of the cutaneous blood flows 


This may be approximated from the fact that 
if all of the heat lost from the surface of the skin 
has been brought there by the blood stream, the 


blood flow may be computed as follows 


total heat lows 
the blood flow 


arterial venous temperature 


The data im the fourth column of Table I] were 
thus calculated. They indicate high rates of blood 
flow in head skin and low rates im the calf, whch 
observation would correlate roughly with the tif 
ferences in skin temperatures exhibeted m the 


re 


Before accepting such data on the cutancous 
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Revere 
Regyons! Rates of Cutaneous Heat Low and 
Blood blow 
(Nude subycct T. 78° Tas cy 
Ricwd tow 
Regroe N.40° Mean Wen M! mre 
Cheek 16-2 4 
Thigh 49.2 60 $4 
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in information: We do aot know, with cer 


taunty. what esther the rate of 


blood supply, it well to port out certam gap 


flow or the cate of heat delivery by the blood 
stream may be. This information requires detatied 
data on the temperature gradients existing the 
tesues. We do not know the actual artenovenous 
temperature difference. We 
temperature the artertal blood reaches the super 


foal wessela, nor at what temperature the 


do know a 


Mood passes into der per veins 


A devwe for by passing samme of these ulties 
is offered in the “thermal carculstion 
wtroduced by Burton and currently used to capres 
the relatrons between 
blood flow. This index, as derived from an analysis 


of beat flow to the body's surface, » defined as 


cutaneous temperature and 


where T.. T.. and T. are oral, skin, and room 
temperatures respectively The numerical walue of 
r” rises sharply at the higher skin temperatures 
implying corresponding imcreases im blood flow 

An additional complication in these therenal and 
wascular relations is indicated m obeervatons on 
the Australian aborigine sleeping naked on the 
ground with air temperatures ranging from 4%° to 
35° F. Either his heat lowes are prevented from 
rising, or his heat production ts increas d Measure 
ments show that the latter does not occur. The only 
alternative is for this subject to keep heat losses 
equal to heat production He may do wo by lower 
ing surface temperatures, but there ™ a practical 
lumit to this procedure becaus the resultieg ther 
mal gradient would extend mward w far a to 
endanger life But by reducing heat delivery to 
the extremities, he may attain the same objective 
He is aided m this operation by the fact that the 
wenae Comitantes cool the arterial blood. The net 
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result « that heat «= conserwed by transfer to thx 
returning venous bleed rather than low to the 
outside. The reduction in blood flow may then be 
less than that indicated by temperature dats 


The plethysmograph m the meatwrement vf teta 


extremity blood flow 


Total blood flow in a part of an extremety, such 
as the toc, the foot, of calf, may be measured by 
enclosing the part m 4 can, © idenly obstructing 
the wenous return, and measuring the mctease m 
volume whach obwrously is equal to the rate of 
arterial inflow. Thess method is referred to as the 
venous method In practice, it is fefhcult 
and cranky. it hardly a routine techn except 


m those special laboratories whech are «urtably 


equipped with apparatus and | chawal personne! 
The method measures total flow and fails to dis 
for obwrous reasons, between itancous 
and deep mustle flows. Thies distinction muy have 


onuderable practical umportance im the uiterpre 
tavon and treatment of such phenomena as row 
pains or claudwation. Nevertheless, a very con 
siderable fund of wmformation has been obtained 


vy the method 
The plethysmograph m the 
peripheral 


The photoctect rx plethysmograph teally a 


photometer with we may follow hanges 
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the opacity of transilluminated tissues resulting 
from changes im their blood content. Light is sup 
plied by a pencil flashlight bulb Varying fra 
are absorbed in the tissue, only a wery 
fraction of the wmeident leht « returned to the 
photo tube. Since tise absorption of hight will 
remain relatively constant m any one obwervation 
unless blood content alters, vartatvons m the latter 
may be readily followed by galvanometra record 
ing after arnplifcation 

Figure | exhibits an cxample of photoelectrx 
plethyamograms taken simultaneously from the 
finger and toe These records illustrate several 
ugnifwant features of Vasocon 
stration shows both in decreased blood content 
and decreased amplitude of the volume pulses 
We may expect the latter to parallel blood flow 
since these pulses are due to the patency of the 
enall arteries and arterioles, which in turn deter 
mune the resstance to blood flow 

One will note the absence of the vasoconstre 
ton in the lower record Thes was due to the fact 
that the subject of the observation had expenenced 
a lumbar sympathectomy some tune previous to the 
experiment It « obvious that problems m vaso 
motor, humoral, or pharma ologwal control of 
blood wessels may be readily followed by thu 
technx 

The records may be expressed in quantitative 
terms by a simple procedure. We nal the for 
tuitous observation, carly, that the deflections m 
the photoelectri plethysmogram ould be referred 
to that produced im the record by the msertion of 
a glass plate in the path of the light. The details 
of the procedure of quantitating the records are 
given in previous publications lt suffees here to 
state that aA V K. where & V the 
change in blood content of the skim (cc ‘cm*), K. 
is the volume equivalent of the ‘filter unit 
( 58 10* of skin), and is the 
deflection in photoclectr current due to the 
change in blood content and expressed in “filter 
units 

Referring to Figure |, we note again that a vaso 
constriction is accompanied by a reduction im the 
amplitude of the skin pulse Sence constriction also 
imcreases resistance to flow, redaction m the latter 
must also occur. Thes fact « readily demonstrable 
with suitable flow meters We may therefore ex 
pect a correlation to exist between flow and the 
amplitude of the skin pulse. We have found from 
a considerable number of calibration experuments 
arned out in different ways, that the correlation 
is quite reliable. In any one record, skin blood 
flow may he calculated after the measurement of 


j 
676 
Tee 
/A 
‘ 
iz 
4 
| 
. 


Topographacal Dufferences m the Basal Rates of 
Blood Flow m Various Skin Regions 


Regros =r 
Palmar surt ame 0.032 
Plantar surtace 0045 
Head 0.12 
Forearm O12 
Thigh oor 
Call 
Trunk 0.012 


the skin pulses from the relatvon Flow « 0.1 (P), 
where P is the amplitude of the skin pulse ex 
pressed im hiter Flow w obtained m 
‘an® mn 

It is imstructive to explore the surtace ot the 
body with thes procedure Table IV exhibits the 
resting rates of blood flow om varrous skin regions 
These data may be arranged into two groups 
shown. the one exhibiting high rates of flow, the 
other low rates of flow. We note that the high rate 
areas are the palmar and plantar surfaces and head 
skin. and the low rate areas are the rest of the body 
surface. Thies divimon appears to result from the 
differences in the profuseness af the blood wessels 
in the respective areas, as may bx demonstrated by 
inducing maximal dilatations in the different skin 
areas. by suitable dilator influences 

Obwrously. the measurement of cutancous blood 
flow may be a useful yardstick to apply to various 
therapeut« procedures as the rontophoresis 
of drags, duthermy, cold, contrast baths, CO, 
baths cte Also. these measurements may have 
diagnost value. An illustration of the latter usc 
may be offered here m a patient suffenmg from 
Raynaud s phenomenon Table V exhibits the flow 
measurements on the slemar surfaces of the fire 
second, and third phalanges of the orrespondin g 
fingers. The flow mequalities were quite stinking 
and correlated well with the complaints of the pa 
tient. One will note that the rate of blood flow in 
the finger pad ts only about one-fifth of normal 
flows at full dilatation, and that the usual ratio of 
8-1 for third and first phalanx flows has been re 
duced. A selective impairment in the arterial sup 
ply to the te rminal phalanx implied 


Another :llustration provided im the follow 


mg cas 
A male patent i 
a the calves of the legs, the knee 


sad shee parm and stiffness in the tughs He teet were 


Tee 


teary 


eurremety cold durung the the 


to tightee of get tense amd Became pet 
wen of the legs Die’ supply OF te 
dusppeered evthen of the coll 
artery obstruction of eith atetractian om the mumete shin 
arterves These conclumon strengthened by the 
thagt ali by dilator drugs Alt oot wer 


a tent 


Estimation oF ALon« 


It is obvious that a change in the pressure gradi 
ent along an artery may be capected wherever the 
change in resistance to flow acurs. The measure 
ment of the pressure gradents may therefore he 
utilized as a means of locating the ste of such 4 
change in resistance. We have estimated the grad: 
ents in systolic and diastole pressures in the upper 
and lower extremities by an indirect cuff method 
whech emy loys an oscillometer with photoclect rm 
amplification of the oscillations The arrangement 
which we have employed extremely convenrent 
and offers a wide range of sensitivity wm recording 

Table VI surwmarizes some data on prewure 
gradients in the upper extremity as thus deter 
mined. We have indicated the pressure gradients 
by calculating the ratio of wrist-to-brachial pres 
sures and of digitalto-wrst pressures it « to be 
noted that the wrist-to-brachia!l ratio the same 
wn normal and hypertensive sulmects, and m most 
ef the normotensive subjects with arteral disease 
In thes particular series Of subjects, the presence 
of arterial pathology had not antly influ 
enced the propagation of the pressures as tar as the 


Taste V 
Maximal Blood Flows on Palmar Surfaces of 
Fingers of Left Hand during Dilatation 
(Raynaud's syndrome) (Flows: ‘cm’ mim.) 


Second 
Fieger Frage binge 
First’ Phalanx 0.052 0 O80 0 O66 
Second Phalanx 0.095 oo. 0 060 
Third Phalanx 0.0R0 7) 
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Tassie VI 


Pressure Gradients the Upper Extremauty 


oF DP 
Normal! subjects 102 an 
Normotensve 
arterial disease 101 it 
Hypertensive 7 10% ~ 


radial artery. The ws not the case, however, on 
omparing the ratio of digital-to-wret pressures 
lt « to be noted that both the normotensve arte 
rial disease series and the hypertensive senes show 
lower walues for these ratios (both for seoln 
and diastola pressures) than is true m the normal 
wihvect, We aleo noted that the lowest values for 
these ratios, as observed on sormal subjects, are 
approximately the average values which were of 
served im the pathological series, and that wery 
much lower walues for the ratios have been ob 
tained in the latter series. These differences im the 
pressure gradients correlate with differences im the 
prog agation of thre pressure | ines, as coflexted 
hanges m the form of the pulse wave as i enters 
the minute arteries. We are melined to believe 
that these data on pressure gradients mdicate an 
abnormally high resistance to flow in the digztal 


arteries of both senes of pathological subjects 
Although several methods are available for the 
designation of the amplitude of the oxtilatvons 
as tranemitted on to the record from the oscil 
lometer, has seemed suffksent to designate the 
amy ltwde of the oaciilatrans by purely yualitative 
riterma. Atte mpts at fesignation lead 


to unnecessarily mwolwed procedures whose real 


advantages are not particularly IMpressive 


THe COMBINATION OF MEASUREMENTS OF 
Perssure GRAMENTS AND OF CLUTA 
Neous Broo Plows 


As stated previously, the hydraulx engmeer both 


measures pressures and meters flows m hes tulx 


ey Although a perfect counterpart to his 
procedure mot available to th: physologn al cn 
the latter may still oftam useful mior 
matron by combeneng some of the methodology 


reterred to above 
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were comsederably redeced of the wrest, more ot the 
ght wrt thee of the left, and were wery greatly 
om the of beth bends, More & in rigtet 
then the left. These obetrux 
tom the mem of the hand The mm 
hager Gows mae bee course. cother t the 
rew an 


thes com Alien test fox wr artery pow 
fewer on the night Art grams of the right hand 
(us peteent showed the mat artery and 


artery 


ome Wee | he fewstence 
euhubated thes case would have cupected 
the digstal pressure gradients to be comaderably 
vee then the We therefore 
(het artery was ale mah 

het af the application of these tex 
types of measurements is presented in Table VINE. which 
mote the emall amy “ . som at the 
ankle and the foot thet there 
from the artery af thes ve However, the mam 
tenance of the pressures af thes lewe upied with the 
low toe ped flows at the tume of dilatanon 
that the win to blond Gow « 


periphers! arteries 


Table presents eolewant deta on 2 male patient with 


thet the are shightly steeper 
" tive valve thas ¢ thw «tt that thet ng tuck 
the ortet “illathons fa sharply on the 
rate then on the left One aie Gete that the mani 
mel toe-ped Bows are much lew on the maht sede than 
m the left As «4 matter of fect. those om the left are 
very aearly normal. Po ¢ the arterees im agree 
ment with the: at lots There 
the ret ure ¢ a tha ow 
the sede, & to Gow ap 
pears to be located om the perry ral arterses of the 
aie len We tained 4 tim 
bie’ @oe the t ken. dew thre enplaint of the 

Thee disag be tect of hes 
tying the antes may caret, despete the aegative 


of these dats 


Sach a combination of observations on cutaneous 
flow filatabulity of skin Mood wessels, pres 
sure gradients, wd story we nm arterves of 


the extremuties permuts a description and aliza 


ron of and obetr ms to flow QOur 


observations, whach have beer ade more of less 


at random as cases presented opportur 


suggest that, im the majority of patients with 


ty for study 


peripheral arterial disorders, the larger arteries of 
the extremes are anh vently mvolwed to pase 
ugmitkant resistances to flow 


ritwal determining resistar trom the 


wt that the 


of tresue 


usually m the munute 
arterres. It has been particularly wmteresting to note 


ewderne of leveloping mam artery obstruction 
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Pressure Gradsents and Cutancous Blood Plows 
(Female Raynaud's syndrome 


Presimre Gradsent: 


DP 
Right 6? 
Left 105 1.5% 72 65 


lades 
Much latger in fingers of left hand and also 
larger at left wrest than at right 


Finger-pad Blood Flow 
Right middie 0.05 min 
Left muddle 0.19 « oY mm 
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Pressure Gradients, Arterial Oscillometry, and 
Cutancous Blood blows 
(Male. Generalized arterroxlerosss ) 


Precswres Leg ctliatves 

Right knee 140 85 moderately large 
Right ankle 120 80 small! 
Right foot 118 80 small 
Toe pad Blood Fiews.* 

RT, 0.089 cc /cm?* ‘mun. | 

LT, 0.088 mn 20%) 

Taece IX 


Pressure Gradients, Arterial Oxcillometry 
Cutaneous Blood Flows 
«Male Intermittent claudication m both calves) 


Right Leg Lett Lea 
aP 
Thigh 150,85 moderate 180 large 
Call 128 78 small 190 
Ankle 120 82 sma!! large 


Foot 110,72 small 138 82 = large 
£ 


Toe pad Blood Flows 
RT, 0.085 oc min 
LT, O31) an 


Palpatson of Arterse 

Right Let 
Femoral Palpable Palpable 
Popliteal 
Postenor tibtal Barely palpable 
Dorsales periss Not 
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even when skin blood flows could be brought to 
lewels 


The oF ree Putse 


The cxsentially statk dexriptem of flow and 
pressure dats, as cited abowe, does oat prowede 
complete pacture of peripheral behavror 
Due to the intermittent pumping action of the 
heart, the rewstance and the clastutty 
of the blood wessels, arterial bleed pressores and 
hieod flows are pulsatile in warying degree The 
propagstion of pulses has been studied tw 
many mveshgators because was that thew 
analyess Was cseential to COmpicte 
description. The majority of these studies have 
heen concerned with the features of the pulse wm 
the larger arteries of the body In only a few m 
stances have investigators concerned themecives 
with the propagation of the pulse into the munute 
rammitm atrons of the artertal tree Several mvestiga 
tors have utilized photoclectrx plethyemographs 
for thes purpose Matthes working m Crermany 
called attention to the fact that the arteral pole 
undergoes radical changes in form, an its propags 
thon into the minute skin arteries of 
arterial disease, and he suggested the powssbulity 
that one of the carliest recognizable effects of 
arterial disease on the propagation of the pulse 
may be exhibited im this part of the artertal tree 

In our own laboratory we have had many ce 
to at maodit on the propagation ot 
the pulse mnto the minute skin arteries. The prope 
gation of this wave may be followed by recording 
its appearance with the photoclectru plethysme 
graph, which may be applied readily over the racha! 
or digital arteries, and aloo to the palma: skin 
Casual inspection of such records shows little 
difference in the wave forms of the digital and 
pad pulses Also. in the normal subject, digital 
and radial pulses are almost indistinguishable On 
measurement of the records, one notes slight dif 
ferences in the duration of th upstroke (ve. the 
crest time) of the radial, digital, and pad pulses 
In contrast to these observations on sormal sub 
pects, an earlier public ation described tendemy 
of pad pulses to become rounded and plateaued 
im hypertensive and arterioxiecrotx subjects, even 
when radial pulses were still peaked in form 
An extension of these observations to metances 
of penpheral vascular disease revealed the sarne 
phenomenon 

These changes in wave form have been cor 
related with pulse velocity and other evidence 
of resstance to blood flows, and of wewse!l elasticity 
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Space lumitations protubvt detailed ducumon of 
sah stuches 


GsENERAL 


The combnation of measurements of peripheral 
blood dows and of pressures in the peripheral arter 
Of thew parate use, serves several purposes 

1 It permits an evaluation of the amount of 
restance to flow im that pertwular vascular bed 
The m the capreswon 
peripheral pressure 
penpheral resistance 

peripheral flow 

lf one observes comparable vascular beds (cg 
forearms of adults), the walues for rewstance can 
be interpreted in terms of whether blood flows 
encounter obstructions or not But they do nat 
necessarily indicate the character of such obstrux 
tions, which may be duc to spasm of vessels, oF 
organk occlusion, or reduced number and wze of 
the wessels 


The dilatability of weswels may be measured 
The resultant data evaluate the resustance to flow 
m terms of the morphological or turn tonal factors 
contributing to it. Blood wessels may be relaxed 
in seweral ways (2) blockade of vasomotor end 
ines or nerve fibers, (b) decreased tone of the 
vasomotor supply (c) effects of heat, (d) 
direct effects of dilator drugs Each procedure serves 
specific objectives 

Bixkade of vasomotor endings, or of synapses 
at the ganglia, are effected by wach drugs as tetra 
ethyl ammonium, priscol, dibenamine, ete These 
blockades are often incomplete, and also selective 
with reypect to the vascular bed involved. Hence 
extreme ceutron indicated in the imterpretation 
of data obtamed with them. Thus, m one of our 
patients, prscol induced dilatation m the toes 
whih at no time was more than SO percent of that 
clested im reflex thermal dilatation. Frequently 
tetra-cthyl will mduce 
m the hand, while dilatation occurs m the foot 
Blockade by blacal anesthetics probal ly comes close 


to full dy 


ation when the entire vasomotor supply 
im the area of mypectron 

The umplicity of reflex thermal dilatation offers 
many advantages, but it ms not always dependable 
Nevertheless, t should be tred carly. Surely, pow 
trve results would render unnecessary more drastx 
pra cedures Negative results « cave the latter 
available We prefer the gentle appluatron of heat 
ower the enture body, by an electra Dianket. Sence 
the abver tiwe os to determune whether the shin 


vessels can dilate. & matters mot if the part to be 
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observed warmed when measurements 
are made. When skin temperatures are to be used 
as criteria of flow, the part must be exposed to 
cool ait, This complicates interpretation, because, 
m scene subjects, local sensitivity to chilling may 
prevent vascular relaxation 

The study of the dilatability of the wemels by 
the local application of dilator drugs also offers 
some interesting advantages. Histarnine, mecholyl, 
prlox arpene and several other drugs elicit equal 
und apparently maxunal dilatations, when injected 
into the skin or admunustered by sontophoresis. The 
course and extent of the dilatation may be ferred 
from the hyperemia or measured through estima 
tom of bleod flow (thermal circulatory index 
plethysmograph 

The action of vasomotor, humoral, thermal 
and mechanical influences on the blood wessels may 
be studied 
The outflow and dis 
tribution of vasomotor fibers is a key problem m 
the design of suitable sympathectomes. The selex 
tive regional distribution of vasomotor reflexes 
and the manner in whah they are excited, are 
determinants of the behavior of the various periph 
eral vascular beds. Flow and pressure methodology 
is essential to the investigation of these problems 


a. Vasomoter milaence 


b. Chemical milawences. The actions of vascular 
drugs, and of sympatholytx and sympathomumetx 
drugs, may be evaluated in quantitative terms by 
observing blood flows, simultancously, in several 
vascular beds It is obviously not desirable to 
dilate a perpheral vascular bed, such as m the 
foot, at the expense of other more vital areas. Yet, 
many vascular drugs do this Nerther the autonomn 
blocking nor the autonomic stimulating drugs act 
with equal intensity on all parts of the autonomx 
nervous system. Peripheral circulatory effects may 
be quite varied in direction, extent, and region 
aflected 

Humoral agents, such as epinephrine and nor 
epinephrine, act unequally on various blood ves 
sels. Sensitization of the effector organ to them 
tollowimg denervation, poses major probiems m 
sympathetx surgery Again, flow and pressure 
nethodology provides quantitative observationa! 
for the study of such phenomena 
The direct effects of heat 


artwwlar vascular bed. and the 


Thermal 
cold on a 
operation vascular reflexes clutted by the af ph 


ation of heat or cold t some part of the body 
pose mmvestigative problems of broad smiterest 
Which wessels dilate of comstrat, and how much 


what are the celatiwe effects of direct and reflex 
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thermal influences on these vessels’ what are the 
eflects on the distribution of the cardiac output 
and on the distributeon of the wolame 
these problems bear directly on widely-used thera 
methods The methods of the 
hydraulx engineer are ewential to study 

Mechanuad miner The effects of gravity 
and cxaggeration m centrifugal forme (¢g. m 
dive bomiang) the development of orthostatren 
as an accompaniment of traume, disease, surgery 
anesthessa, heat, conwalescen the “oulking « 
thon” of passive and active movements, the effects 
of wtermittent venous and of pressur 
vacuum machunes, the effects of statronary powtion 
(motor paralysis) — these and many other prablems 
involve perpheral crculatory behavior CQuantita 
teve hydraulic descnptuion needed 


(Symposium to be completed in the December issue.) 
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Alexander, 5. Ph.D. ride 4 physiology of end nerve, the ond 
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it «& with a great deal of pleasure that we present 
im the November December issucs of the 
Review the complete text of the “Symposram on 
Physology origmally given at the Annual Con 
m Cleveland 


and 


trreme Here, complete m two vol 


umes, you will find papers representing a wide 


liwerssty Of subyect matter, ali of directly related 
to al lxatrons the held of physical 
ished 


therapy The let of comtributurs 


ome fepresenting a vareety of 


and activities, composed of names farmlir to us 


all as leaders wm the field 

We wish to call particular attention to the mtro 
by De Harry D. Bouman 


served as coordmator for the He has 


and energy. not only m 


Professor of 
of 
VV 
given freely of hes time 


onducting the ongmal program 


ollecting and the papers for 


arranging and 
publication in ther present form We wish at this 
ume to express our deep gratitude to him for an 
excellent job 


We feel that 


erwed by our members with enthussasm and pride 


thes sympossum wll be re 


The rowing emphasis on the umportance of physe 


ology u phys al therapy has created a demand 


authoritative mate 


prob 


that there 


for and interest m competent 
ral dealing with both general and specitx 


All of 


heen 


lems have been acutely aware 


have and still are whah there 


a lack of 
relative to physsologn a! principles specifically re 


arcas 


accurate, miormaton 


to therapy and optimun atrent 


are It 


these papers w il serve as a ste 


simerely hoped that the presentation of 
lus to the expan 
won of mterest m vaned problems 


both laboratory and wtuations 


In antkipation of the fact that many madived 


wales will want the material m both ther personal 


and professonal lihrarnes, arrangements have been 


made to publish it in book form Details regarding 


thes will be found elsewhere in the Review 


Dr. Harold Corbusier 


It ts with deep regret that we report the death 
of Harold Dunbar Corbusier. MD. im Santa Fe 
New Mexico. on August Sia Dr. Corbuser was 
one of the members of our Asso 
ation. but he was much more than that “A His 
tory of the American Physotherapy Association 
reveals De 

As carly as 1°19 
reate an 


eleven honorary 


Corhuwer s contnhution 
there motement to 
and im the latter part of 
1920 the movernent was gathermmg force In sep 
1920. De Harold D wrote 4 
McMillan suggesting the tormation 
of an Te to the 
ountry the unportance of the 


wes an 
Of ganization 
tember 
letter to Mary 
alvertise 
and surgeons of the 
various methods of treatment by physical means 
standardize the work and place tt 
sultantial bases lo urge upon the 
ot establishing 
departments of physiotherapy To urge upon the 
Medial Department of the Army the necessity 
of creating a reserve force of tramned workers and 
obtam for the present and 
for the work whech they 
rformed 
Col Corbusier, then 
Jersey present at what 
birth of the American Phys 
hristened the Amernan 
Asscx ation 


To clevate and 
on a mor 


various hospitals the umportance 


to endeavor 
tormer Ardes recognition 
have cons rent ously pe 

On january 15, 1921, Lu 
of New 
onsdered to be the 
na Therapy atwor 


Phy sal 


Dr Corhusrer mamtamed an 


Women s Therapeuts 


ative mtctem m 


physical therapy throughout hes lifetime, mm spite 
arried out im rela 
Conner tions 
nternatoonal assignments 
ontereme m 
Boston in 1949 will recall the privilege of mecting 


We will more 


of the many fhe 
tran to hes specialty of orthoy ' his 


A remy 


Those who 


with the and hes 


aftended our 
have 


hem there never 


trend 


Have you read the emergency announcement on page 469? 
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Chapter News 


New Yor’: The chapter announces meetings for 
the comung year as follows Tuesdays, October 31 
December 12, and January 9 Dates for the annual 
mecting in April and « party in May are to be 
annoumed later 


The Nutmeg News, newsletter 
of the Connecticut chapter, has annourk ed the fol 
low ong «xhedule of meetings 


November 21-Hospital for Chronx [ines 


Rac ky Hill 
February 20 Bridgeport 
March 20 
April 17? 
May 1% 


Newington Veterans Hospetal 
New Haven 


Connatxut Sxvty for rippled 
Children and Adults, Harttord 


New Jersey Chapter Conducts 
Neuroanatomy Course 


The New Jersey chapter of the American Phys 
Therapy Association is sponsoring an eight 
hour course im neuroanatomy during the fall of 
the year Lectures will be given by Dr Charles 
Nobach, College of Physians and Surgeons, Co 
lumiva Uniwerwty, at the Kessler Institute for Re 
habulitation, Pleasant Valley Way, West Orange 
New lericy, on sxcessve Welnesday nights af 
m 

phywcal therapists occupatronal ther 
apests, and speech therapests are invited to attend 
Membershiy 


must tx prese: cach sesmon ty all 


ards to related protesssonal organ 


those mm attendance The fee of $15 00 well cower 
all exgit lectures. and lectures may be a 
tended for $200 cach 

The following & a lest of the lectures and the 
dates on which cach « to be giver 


September 27.General plan of the nervous sys 
ter central nervous system, | 
ripheral nervous system, auto 
nome nervous system, the neu 


rom, of 


October 4 The perpheral nerve structure 


furmteon, regenera 


hon Spenal cord 


strum ture af 
sensory pathways 


Spinal cord-—all pathways, 
flexes, upper and lower motor 
neurane (Om ope 


Pyramedal sytem pathway, con 
and General 


18 


of anatomy of bream 


Oxtober 25 Extrapyrannds! system) — general 
of its anatomy pathways 
and function Far 
ther diwessom of the anatomy of 


temperature, toxh, ot. )-——path 
ways, and functions 
November Special sensory systerns ( westibu 
lar, auditory, and optx systems) 


November (reneral sumenaty integration o 


sulyext matter 


Additional mformation may be obtained tram 
Muss Geneweve Reilly, Chairman. Education Cam 
muttee, New Jersey Chapter, 55 Grower Avenuc 
Verona, New Jersey 


Special Announcement 


In the of the Revere will be found 
the first part of the “Symposum on Physiology 
ongmally presented at the Annual Conference m 
Cleveland, Ohwo. The remaiming papers are to be 
published mm the December neue of the Revire 
wheh will be available almost wnomedutely follow 
ng the November issuc 

Thes semultancous publication plan of the No 
vermber-December rsues has heen arranged in order 
to bring you the entire “Sympostum” af one tome 
Thes plan will also facilitate a long conternplated 
change in the publication « hedule of the magazine 
In the future, your Review will be put in the mail 
the 15th of the month Prevedeg the date on the 
cover 

Special plans have been made to have this com 
plete “Sympowum published im its entirety and 
hownd im steff cardboard far your library It 
expected that there will be a heavy demand for the 
material You muy secure copies directly from the 
American Physical Therapy Association in the near 
future. The date of publication and the price will 
he annownmed m the Review 


: 
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Signe Brennctrom, Dircctor of Professsonal Ed 
mation at the Kessler Inststute for Rehabelitation, 
New Jersey. will leave on October 22nd for 
Athens. Greece. where for nine months she will 
conduct a «xhool for physical theraputs at the 
University of Athens Miss Brunnstrom being 
sent to Greece as a Vierting Lecturer by the State 
Department and the Near Fast Foundation. under 
the 1950 Fulbright program U por her return 
she will resurme het dutees at Kewler 


From the Latradepartmental News Bulletin, De 
partment of Physxal and Rehabilitation 
New York Unrveruty-Bellewue Center 
September 195 Barkers White. who has been 
assigned to the neurological research project, will 
amume the postion of chet physnal therapest at 
the Institute for Physsal Medicine and Rehabslita 
mown on Chktober | 


Capt. Beatrice Whitcomb, Women » al Spe 
Cor S Army. has returned Krowke 
Army Medical Center, Fort Sam Houston, Texas 
after a year of study im personne! admenmtration 
at New York University Captam Whetcam)h has 
heen assigned as an instructor m therapy 
at the Medwal Field Servae School 


Northwestern Graduates Sixteen 


Graduation were held tor the wxteen 
members of the 1990 class m plhywecal therapy ot 
Northwestern University Medual “hool at Thorne 
Hall on September 29, 19% Dr Stafford L. Os 
hore. Emeritus Professor of Physcal Medsime 
and Chatrman of the Department of Physical Med: 
ine, presided Der. Leslie B Arey, Professor of 
Anatomy and Chairman of the Department of 
Anatomy at Northwestern University Medial 
Shool, gave the address to the graduating class 
and De Emil D W. Mauser, Medical Derector of 
the «xhool, presented th Physwal Therapy Certeh 
ates to the Lass 


Fach member t the lass has transferred trom 


tudemt memberstup to ative membership the 
Amernan Phyw Therapy Association, and at the 
lose Of the progran ah was present with an 


Amernan Physcal Therapy Asxxratron pin 

The Northwestern Unrwermty Physical Therapy 
Alummac Assocation gave a dinner m honor of 
the graduating «lass at Lewis Towers followimg the 


eracduation exercises 
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New Student Members 


The followmg are newly accepted student mem 
bers of the American Physxal Thesapy Association 


Northwestern 


Low Archebald Mrs Margaret Agnes «ley 
Mildred Burn Margaret Mct artney 

Bienes les keen M 

heme Crore Margaret Mcl ctiand 

Poster Manityn M 

Marrone Hott B Stupee 

M lodeth Welch 


Permanente Ht Pils 


Allen Themes 
Fother Morrns 
Irven Barnett Merry 
Dewothyw Clarke Kertsance Ogden 
an Cee Nek Peters 
Graduate Horprial, arver 
Catel Aan Ruth M HMalletes 
Raiph Bell, te Mollenbech 
Beshos Mrs Lee Creer 
Ro M Yan Huang 
Cabrere Aleattu R mes 
ta ft Meryweathe: 
( sthenme Coppones Eugene Muchels 
4 M Miteede 
Vilew Evans ty a Peco 
Robert S Poster om Purnell 


Freak | 

ph Cale 
M 
Withetmuna | Werkhowen 


Samuet Ro Gehman 


The death of Mes Mildred Caldwell Niehen 
of Van Nuys. Californa., on August 1 2th, has been 
eported. Mrs Nielsen had been 4 member of 


the Amerxan Physxal Therapy Association wince 


she completed her traning + th the Childrens Hos 
cita! 1946. She re ved her B.A. and 
MA. physical education from George Peabody 


College and had also attended New Mexnxo Mate 
Tea hers College and the | veruty of 


Mrs Nielsen had been employed at the Hollywood 
Presbyterian Hospytal in Los Angeles 


ig’ 
iJ 
| 
| 
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School News— Northwestern 


From the Northwestern 
Therapy Bulleten 

1 think you will all be wtereted m knowmg 
of the fine representation whach Nomhecstem had 
a the APTA. Conference in Cleveland 
There were 31 NUPT attendance. The total 
APTA. membertup m attendance ball 
which means that over 10 percent of the group 
were NUPT s It was romarked that each could be 
expected sence Cleveland » near to Chicago 
However. the NUPT s were there trom Calitornu 
and Washington, Plorida, New York, and many 
pounts between. Also the representation of basses 
was widespread Classes of every year cacept four 
(28, 35, 38, were represented. 1940 stood 
at the top with seven member and #44 had wx 
members. Even 1950 was represented, with two 


raven! 


was 


New Members 


Wilham Murrey Helen L. Buch 

Namy A. Betemen Petree |. 
Phyllis Busnere Fileen L. Carter 

Alwe Cle Margaret Com 
Mary Low token Dechhew 
Deen G Mary 

Loe Gustafson Cartis Coruber 

Pte key Mr lene B 
Mra Hetty | Memes Maree T Harcharwths 
Plame | Marthe | Henderson 
cl Rebecca Sue 
Mary Koike K Int 

M Retty M Leaner Meter G 
Merhert | Levy Mre Geraldine 
Ma Virgie © Lothrope long 

Gabre! War M. Vernoe 
Che M Moagretr Atha | 
Marton imogene Linehurg 


Albert A Henry Low, 


Rice Anne © Malet 

Marthe Pyiks Robert Mayberry 

Ruth Reeve Mary F 
lohn W Marve 

Ruth Prederxckh P Miller 
Keelan Mary Mosenthal 

luce) 5S. Schiew hore Anes M 
Premces Seyler Feetyn F Musaccthes 
Muthect W Sperreno lawreme Ray Musgrove 
Medarde Larry Russell Nenewender 
lohan Wasylenk Peres 

D Weer Ir Geece K Porter 

Fouls We Mr Queren 
Mrs Mine Avignon lewe! Radford 

Mictae! Phillip Rabwek Clarence 
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The following are newly accepted members of the Amurican Phywcal Therapy Association 


students attending. This aumber « also gues! 
of the total From the total 
of attended the con 

amialtees by martage 
years this, too, grand 


graduates, 16 
fereme. Counting tix 
ower the penod of 22 
show ing 


pete om 


New Brochure Available 


The revised edition of Physxal Therapy-—A 
and Career available fram the 
National Office. This new publecatvon, fully thus 
trated. is entitled “Is Thies The Door To Your 
Future and contasns detailed miormation com 
vemming (trammang, prerequiste education, and pab 
opportunities. Copies may be scoured by writing 
to the Amencan Physxal Therapy Assocsatron, 


1700 Broadway, New York 19, New York 


Stare Aan Wiltigen 
loaeph T. Strack Yorn 
Dele Walker Marta 
Felice L. Leon W Rrowherd 
Sally A. Wollevhen Set | 
Willem A Winneherge lisbeth 
Marten | Avignon, Ir De 
Lows EB. Baker janet L. Ferguson 
Elewne Best D Rese Funk 
Roberta 
A lack M HMothosh 
tals Susan Kaufman 
Deeothy Gorsk: Mrs. | 
Canild Mantred Lange 
R Gothen F 
Plane T Hogen Alms F Martin 
lancet S M. Kenned Angeles Antoma Nunes 
Mary 

Robert 1 ©) Ne 
Edward |. Miller 
Magdaiens Oanes Ann 
Carmen 1. Ovtolazs Marthe | 
William D. Otterman 
Margaret Pay Aan Stanton 
Kathleen Recto« Barbers Teandale 
Cat crine Rh ales Fra “es W sherman 
1. L. Crendes 
Grace P. Wale lems 
F ams it Pamele 


| 
“se 


Deadline for Regular Army 
Integration 

Dietitians, physical therapists, and acupatronal 
therapets who formerly served m the Medwal 
Serve of the Army are reminded that the deadline 
date for thé submission of applx ations tor wntegra 
tion the WMSC Regular is December Oth 
1990. This opportunity & available to otherwise 
qualified individuals who are unmnarned. who have 
no dependents under eighteen years of age, and 
who had not reached the age of therty-fwe on day 
of entrance on duty 

Application blanks and further information may 
be obtained from The Surgeon Ceneral, Depart 
ment of the Army, Washington 25, D.C. Atten 
tron: Chief, Womens Medual Specialist Corps 


Chicago Society Announces Schedule 


The Cheago Socety of Physical Medicine and 
Rehalulitation has announced the following «hed 
ule of meetings. These programs will begun at 
pm. and members of the medial protesnon 
are invited 


November 22--Michael Reese Hospital, 29th and 
Ellis Ave. To be presented by 
Charlies O. Molander, M.D 

West Medical Center (exact 
place to be announced) Guest 
Speaker: Arthur Steinhaus 
Professor of Physwology, Ceorge 


lanuary 24 


Wilhams College 

Cook County Hospital, 1855 West 

Harrison St. To be presented by 

Disrach Kobak, MD 

March 28 West Side Medual Center (exact 
place to be announced) Guest 

Harold Soteld,. MD 

Assxiate Professor, Bone and 


t ehruary 28 


aker 


lout Surgery, Northwestern Un: 
vererty Medwal hoo 
April 2% Himes Veterans 
Hospital. To be presented by Lours 
BK. Newman, MD 
West Side Medical Center (exact 
piace to be annoumed) 
Speaker’ Frank H. Krosen, M.D 
Section on Physxcal 
Mayo Cluw 


A dimanustration 
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General News 


National Health Council 
Announces New Executive 


Philip E. Nelbach of New Haven, Connecticut, 
will assume the post of awociate director of the 
National Health Council, according w an a 
oouncement today by Dr Thomas D. Dublin, ex 
ecutiwe director The Counc), an of 
thirty-one of the leading natronal health agencies 
and professional societies, is concerned with the 
umprovement of public health throughout the coun 
try and with the coordmation of the programs ot 
its member agencies. (The American Physical Ther 
apy Assocation is an assocute member 

Mr Nelbach served for four years as assistant 
professor of publi health at Yale University 
School of and with the American 
Health Association and the New Haven Housing 
Authority. He has been consultant to sumerous 
agencies, including local health departments m 
Connectwut, the New York State Department of 
ducation, the National Housing Authority, and 
the John B. Pierce Foundation of New York 


In assuming his new position, Mr. Nelbach will 
make it possible for the National Health Council 
to augment consultant and advisory services to local 
and state health councils and to other organiations 
oncerned with community health throughout the 
ountry 


Physical Medicine Fellowship 
Announced 


As a part of their extenwve educational program. 
which now has amounted to well ower half a mil 
hon dollars tor both undergraduate and graduate 
«holarships tor members, non-members im the 
United States, and foreign students Karpa Kappa 
(,armma, mternatronal women {raternity, 
providing a One-year fellowship for a woman phy 
from an Occupied Area to advanced study 
m physical medicine and rehabilitation im the 
United States’ Known as the Harnet Ford Gris 
wold Fellowship, in honor of Mrs. Erwin Griswold 
of Belmont, Massachusetts. a member of Kappa 
Kappa Gamma who has a disability resulting from 
polromyelites, the sxholarship wall provide trans 
pertatron, food. lodging, and idental expense 
for a woman physiian, from her home to the 
United Mates, for postgraduate study for one year 


Vol. #, No. 1! 
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at the Department of Phywcal Medicine and Reha 
tuletation. New York Medwal 
Center tree The grant will be admin 
tered by the Internatronal Socacty for the Welfare 
of ¢ nipples 

Selection of the of the award well be 
made by December |, 1950, by « committee con 
esting of Mrs Geewold, Dr Howard A. Rusk 
Protessor and ( harman Department of Phyacal 
Medwime and Rehabilitation, New York Univer 
wty Bellevue Medwal Center, Mr. Donald Wil 
son, Executrwe Director, International for 
the Welfare of Cripples, and Mr. Eugene |. Tay 
lor, New York Caty Pield Representative, The 
National Society for Crippled Children and Adults 
The necessary arrangements will be made for the 
recipient to come to the United States during 
January, 1951, for approximately one year. In 


turtle 


addition to the study at the New York University 
Rellewue Medwal 
made for the recipient to observe other phys al 


Center, atrangements will bx 
mediine and rehabilitation programs the United 


States and to attend professional meetings 
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hacreet when 
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comemunity at the same as the epederma 


Appointment Information at Army 
Headquarters 


The Chiet of the Women's Medical Specslest 
Corps announces that dectitsans, phywcal therapests, 
and occupational therapests who deure any mior 
mation regarding appomtment in the Offkers Re 
Corps my now Wamens 
Speculet’ Corps offoers asugned m the Office of 
The Surgeon, Headquarters of the Second, Thard 
Fourth, and Fifth Areas 

Pror to reperting to their new stations, offcers 
asagned partuipated in a fourday conference 
held om the Offwe of The Sergeon General of the 
Army. These officers are Lt. Mary Bertcling, Office 
of The Surgeon Headquarters Second Army, Fort 
Meade, Maryland; Capt. Christine Ehlers, Offwe 
of the Surgeon, Headquarters Third Army, Fort 
M, Pherson € apt. Marthe Moseman 
Office of the Surgeon, Headquarters Fourth Army 
Fort Sam Houston, Texas; and Cape Evelyn 
Garard, Othce of the Surgeon, Headquarters Pifth 
Army, Chicago, Ulimors 
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